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TO 

MRS. JOHN GREGORY, 

lOLWAUKIX, WI600N8IN. 

My Dear Lizzib: — 

1 do not know any one to whom the following pages will prove 
more attractive than to yourself. 

Cradled, as yon literally were in the midst of Microscopes ; surrounded 
by, and throughout your early life accustomed to examine preparations of 
all sizes and kinds, and frequently to hear descriptions of them in the 
public lecture room, this volume, with its illustrations, must needs possess 
greater charms for you than for most readers. 

You will be constantly reminded, when gazing on the pictorial repre- 
sentations of well-remembered preparations, of the many delightful hours 
we have spent together in days that are past, enraptured with the sur- 
passing beauty of the originals I 

But, under any circumstances, as a record of the labors of my life, I 
cannot but think it will ever be acceptable to you ; moreover, I venture 
to hope it will be found of some value in your family, by contributing to 
the education of your own children. 

It is a subject of deep regret to me, that I have been deprived of your 
judicious, keen criticism ; but, with all its faults, I dedicate this book to 
you, as the least testimonial I can offer of a Father's fond affection. 

That you may long ex^joy every earthly blessing, is the. sincere and 
heartfelt wish o^ 

My Dear Child, 

THE AUTHOR. 



PRET'ACE. 



The Author having been appointed to tho Chaire of Vege- 
table and Animal Physiology and Entomology, in the State 
Agricoltnral College of Michigan, has felt the want of a suita- 
ble text-book, for tho nse of his students, and not being aware 
of any existing work on the plan he considers essential for the 
acfpisition of these subjects, he has prepared the accompany- 
ing volume to aid him in his labora, and to fulfil a request, 
previously made to him by the Superintendent of Public 
Instruction of the State of Michigan, the Hon. Ira Mayhew, 
to write such a work. 

The " Botanies " hitherto published, are insufficient as 
physiologies ; and tlie Animal physiologies, as yet prepared 
"for the use of Schools," are simply epitomized treatises on 
Human anatomy, and are generally too technical and obscure 
to be available for tlio purposes of popular inati-uetion. 

This latter subject, a distasteful one, even to Medical 
Students, who rarely learn it, must necessarily prove a severe 
tax to the youth of both sexes, who throng the public and 
private schools of the country, whilst many of the illustrations 
supposed to be necessary to tliese books, are, to say the least 
of them, most uninviting. 

The attempt to teach only Hnman Physiology, like a 
similar proceeding in regard to anatomy, can only end in 
failure : whereas, if the origin (so to speak) of tlie organic 
Btrncturea in the animal kingdom, be sought for and steadily 
pnrsned through all the classes, showing their gradual com- 
plication, aud tho necessity for the addition of acceseory 
organs, till they reach their utmost development and cul- 



minate in man, tlie stady may Qjoseibly) be rendered an j 
agreeable and interesting one, and be Irnitful in profitable 1 
results. 

■ Throughont the accompanying pages, this principle bas I 
been kept steadily in view, and it bas been deemed of moref 
importance to impart Bolid and thoroiigb instrnction on tbel 
few subjects discuesed, rather tban embrace tbo wbole field 1 
of physiology, and, for want of space, fail to do j ustice to aoy " 
part of it. 

The development of the niitrimental organs, and of the ( 
brain and nervous system, have been considered as of pri- J 
raary impoilance, and to the consideration of these topical 
mnch space and great cai-e have been devoted. The latter I 
subject has always been most difiicult to understand, and the 1 
attempt has been made by the Author, to popularize this 
very abstruse subject; with what success remaina to be 
seen. 

In proof that the views above-enunciated are supported 
by high authority, the opinions of the distinguished Haller, ' 
and the late Baron Cnvier, are quoted ; moreover, the I 
Authors of the beet and most reliable treatise on hnmao J 
physiology — ^Todd and Bowman — have adopted, and given I 
expression to tiio same opinion. 

" A knowledge of human anatomy alone, is not sufficient to I 
enable us to form accurate views of the functions of the van* I 
ous organs." Before an exact knowledge can be formed of I 
the functions of most parts of living bodies, Haller says, that I 
" the construction of the same part must be examined and I 
compared in man, in varions quadrupeds, in birds, in fishe8,f 
and even in insects." 

Cuvier has compared the examination of the comparativa I 
anatomy of an organ in its gradation from its moat complex 1 
to its simplest state, to an experiment which consists in 
moving successive portions of the organ, with a view to ■ 
determine its most essential and important part. In the ani- 
mal scries we see this experiment performed by the hand of 
nature, without tlioee disturbances which mechanical vioiei 
ninst inevitably produce. Thus we learu that one portion 
of the nervons system, in those animals in which it has a defi- , 



iiite arrangement, iB pre-eminently associated with the mental 
l>rinciple, and is connected with, and preeidefl over, tlio other 
parte. 

The brain is always eitiiated at the anterior or cephalic 
extreraitj of tlie animal, and with it are invariably connected 
the organs of the senses, the inlets to perception. We soon 
find that the brain exhibits a snbdivision into distinct parts ; 
and of the relative importance of these parts, and their con- 
nection with the organs of sense, and with the intellectual 
functions, we derive the most important information, from 
the study of comparative anatomy. 

In place of " questions," the Autlior has preferred to give 
an analysis of the paragraphs, which will render it equally 
compulsory witli the Teachers and the students, to make 
themselves acquainted with tlio book; moreover, it ibrms 
an analytical i-ndex of the contents of the lessons, of much 
value. 

Instead of appending a glossary of technical terms, neces- 
sarily used, the translation of difficult, or uncommon words 
has been given, simultaneously with the use of them, and to 
this rule, it is hoped, there are but few exceptions. 

It is presumed that the beauty of the wood engravings, 
that so plentifully adorn this work, is so apparent, tliat little 
requires to be said in their praise ; the Author feels, however, 
desirous of expressing his deep obligations, aud tendering his 
beet thanks to the accomplished artist who produced them, 
Mr. H. E. Downer, of this City. As the work of a young 
man only nineteen years of age, tliey are extraordinary ; whilst 
the incessant labor necessary to their production, and the 
untiring energy aud zeal displayed by hira, are worthy of the 
utmost commendation. It may be a matter of observation 
and remai'k, that the style of all the engravings is peoidiar. 
Nearly thirty years ago, the Author had a series of 400 
diagrams, for public lectures, prepared on this principle — 
white figures, on a dead-black ground. Tliey consisted of 
subjects kindred to the illustrations of this book, and, from 
their distinctness, elicited universal approbation. 

He has always (snbsequently) thought that the same plan 
wonld prove most efiectivo for wood-engravings of the same 
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tissues and stractures, and this opinion induced him to make 
the eicperiment : how far it is successful, he leaves others to 
determine. He ventures to presume that, in the delineation 
of nerves^ there can be no doubt, as they are always emmently 
white ; and such is their extreme delicacy in the lower ani- 
mals, that justice could not be done to them by the adoption 
of any other metliod. 

In the list of engravings, the word " Original " very fre- 
quently occurs ; it is not intended to imply that such illustra- 
tions have not been published before, but simply to indicate 
that the drawings have been made from preparations dissected 
by the Author, and to be found, either in the Museum of the 
Royal College of Surgeons, or forming a portion of his pri- 
vate collection. He is quite aware, however, that a great 
proportion of them are not only original, but unique, and 
have not been published before. 

Finally, should the perusal of this book impart to its 
readers only a tithe of the pleasure the Author has had in its 
production, they and he will be alike repaid. 

Dbtboit, MiomaAN, Fel>rua/ry^ 1868. 



ANALYSIS OF THE LESSONS.* 



PART I. 

VEGETABLE TISSUES 



LESSON I. — ^IntboductioN) p. 1. 

1. Physiology explained. 2. It has become a modem science. 8. Value of 
the Microscope. 4. Histology, its origin. 5. Its relation to Physiology. 6. 
Direct application. 7. A knowledge of the ultimate structure of tissues insisted 
on. 8. The study of Physiology a work of time. 9. Analysis of the lowest 
plants. 10. The properties of a celL 11. Subject continued. 12. The YoItox 
globator. 18. Their habitat. 14. Their locomotion. 15. More accurately de- 
scribed. 16. Method of seeing these organs. IV. The name given to them. 

LESSON IL — ^iNTRODUcnoH, coNmnrxD, p. 4. 

18. The nature of the large green masses. 19. How they escape. 20. The 
higher and lower plants compared. 21. Analysis of a forest tree. 22. Exam- 
ination of the root. 28. Fluid of the spongioles. 24. Production of latex. 26. 
Exhalation, and aeration. 26. Assimilation explained. 27. Nutrition described. 
28. Secretion explained. 29. The transitory life of cells. SO. Absorbent cells 
always changing. 81. Absorption in plants and animals compared. 82. The 
transitory duration of cells, exemplified. 88. Fall of the leaf: what causes it. 
84. Secreting cells, equally transitory. 85. Function of cells. 

LESSON m — ^Ihtboductioh, cohcludxd, p. 7. 

86. Reproduction defined. 87. The germ considered. 88. The elements of 
animals and plants alike. 89. The embryo •ondition of both the same. 40. 
Identity of the lowest animals and plants. 41. The irritability of animalcules 
exhibited. 42. Its cessation. 48. Their digestive cavities. 44. Ehrenberg^s 
opinions on this subject 45. These opinions refuted. 46. The Enchelis pupa. 
47. Their vibratile cilia. 48. Their mode of development 49. Maturity, and 

* The niunben refer to the ^^tngnphB. 
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its consequences. 50. Distribution of the germ cells. 61. Identity of this pro- 
cess of development in plants. 62. Development of the "Frog^s spittle.^^ 53. 
The^ first stage. 64. The second stage. 56. The third stage — spontaneous di- 
Tision. 56. Termination of the process. 67. Similarity of the ultimate struc- 
ture of the tissues of plants and animals. 56. Tissues peculiar to animals. 59. 
Cellular characteristics of certain animal tissues. 

LESSON lY. — On the structure of Yeoetable Tissues. Starch, . p. 11. 

60. Sunplicity of their structure. 61. Cellulose. 62. Its characters. 63. 
Its chemical characters. 64. The tissues of the higher plants. 65. Their 
union. Cellular tissue — 66. The formation of this tissue. 67. The size of 
cells. 68. The union of cells. 69. Formation of tubes. 70. Cellular plants. 
71. The structure of pith. 72. Porosity of cells. 78. Porous cells. 74. Cells 
possess contents. 75. Sometimes a nucleus. 76. Sometimes formed for special 
contenta 77. Starch. 78. Where found. 79. Structure of Potato. 80. Of 
a corpuscle of starch. 81. The lines not always found. 82. The largest cor- 
puscle of starch. 88. The Indian Com starch. 84. Wheat starch. 85. Rice 
starch. 86. The use of Starch to the plant. 

• 

LESSON y. — The subject of Starch concluded. Gums and Sugar, . p. 16. 

87. Analysis of starch found in a given quantity of Potatoes. 88. Its vari- 
ations. 89. The structures containing Starch. 90. Starch a constituent of poi- 
sonous plants. 91. Wheat starch and gluten in situ. 92. The same in moun- 
tain rice. 93. A chemical test for starch. 94. Its mode of action. 95. The 
method of converting starch into dextrine. 96. Gum, where found. 97. The 
different kind of gums. 98. Gum Arabic. 99. Combined with Cerracine. 
100. Mucilage. 101. Cerracine described. 102. Peetine: its characters. 103. 
Sugar : its varieties. 104. Cane sugar. 105. Mannite. 

LESSON VI. — Oils, Wax, Chlorophylle, Resinous products, Caout- 
chouc, p. 18. 

106. Vegetable Oils : their affinities. 107. Where met with. 108. They arc 
Jixedy or essenticU, 109. The composition of fat oils. 110. Castor Oil HI. 
Essential oils : where found. 112. Oil and oil cells of the Almond. 113. Same 
in the Cocoanut. 114. Wax : where found. 115. Bees supposed to secrete wax. 
116. Where and when they obtain it. 117. They collect it in a pure state. 
118. How they work it. 119. The Bee is really /a<fcn. 120. Ear Wax. 121. 
Chlorophylle : what it is. 122. Resinous products. 128. More fully described. 
124. Caoutchouc: where found. 125. Gutta Percha: where procured. 126. 
The lactiferous vessels of plants. ^ 127. The properties of the milky juice. 

LESSON Vn.— Raphides, p. 21. 

128. What they are ; the name translated. 129. They are sometimes stel- 
late. 180. Where found. 131. Oxalic acid in plants. 182. How neutralized. 
188. And rendered wholesome. 184. Raphides of the Onion. 135. Their shape. 
186. Plurality of crystals in cells. 187. Raphides in Pie-plant. 138. The quan- 
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Ut; in EagUah m compared with Turkey Rbubarb. ]S9. Stellate crfetatg, where 
found. 140. Other acida fouud in pUnu. 141. Phoiphalv ot Lime. 142. The 
number of rajihides found in a given xpace. 143. Their number in the Cacti. 
144. Bark of truea conloina thetp. 14S. And the teata of certun aeeda. 



LESSON TIIL— SctMMiN, 

14fl. DeGniUoo of tlie 
Hft. 140. Deuioastralioi 
aimed. IfiS. Probable I 



LlONINX, p. S4. 

ame. 147. Sderogea of NuHvory. 148. Ori^nally 
of it. 16D. Grittj tissue. ISl. A Pear demon- 
ention of thia structure. 163. Demoanration of this 



tinue, repeated. 1S4. Sulerogen in testaof Kut, Ivorj, 166. The Sderogca of 
fruit Hones described. 16H. The Cherry etono demonstrated. 161. TboCocoa- 
nul shell. IBB. Importance of wood and biw».c<!ll9. 169. Baas-celU dcecHbed. 
leo. The uses to which they are applied. 101. Flax, Hemp, Ac, wheto pro- 
cured. IHS. Other plants described. IBS. Tenacity of woody fibre, tabulated. 
lU. The fibre preserred iu Chinese rice paper. 16S. Necessity of examining 
Flai, miaroscopivally. 160. How to proceed. 161. What will be B«en. IBS. 
The outer membrane. IBO. Langth of tubes. 110. Cotton not woody &brc. 



LESSON IS.— Tascclu Tissob, p, 28. 

111. Action of the roots of a plant. 112. EiTccts of the motion of the eop. 
113. Formation of vascular tissue, 174. Vajcular tissue io Monocotyledonou* 
idants. 176. In Dicotyledonous plants. 176. DeTelopment of wood. 117. 
Valueof the spiral fibre. 178. Vascular tissue under the microscope. 1 IB. The 
several forma of vessehL 180. The original form of spiral vessels. 181. Di^n- 
tegration of spiral vessels. IBS. The process of decay. 163. Absorption does 
Dot cease. 1S4. The mode in which so annulus divides. 186. Fonoation of 
"old vessels." 186. Tbe shape of vessels. 181. Scslariform vessels, 

LESSON X.~PoKotrs *iid dottid Doctb, p. 89. 

ISS. Description of ducts. IBS. DistinctionbetweenspiralTcsselsandduets, 
\K. Tbe trees they are peculiar to. 191. A dvscription of the cells. 103. 
Dotted ducts of the Piocs, described. ISS. Tdue of their characters. 104. 
Shape of the dotted or porous vessels, 195. The perforations of old doited 
doets. 198. They are often jointed. IBI, Where found; their appearance. 
I9H. Porous ducts of the Locust tree. 190. Some in the Apple tree. 200. And 
in the Bass-wood, 201. Description of it. 



LBBSON XI.— SiLiCi, p. 84. 

SOS. Its importance to the plant. 203. Necessity for Carbonate of lime. 
804. How it is compounded. 216. Silica exists in plants as pure fiint. 206, How 
it is obtained. SOT. Grasses contain rilica in Urge quautitj. 208. The method 
of digesting it, 209. Silica succumbs to alkalies. Sia Thesilicates formed by 
the (demist. 211. Properties of the natural silicates. SI2. This subject con- 
tlened. 213, The probable process of silicification of plants and animals. 214. 
ConUnded. 2IG. Artificial foBsUiMtion, or sUici&jation. 
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LESSON Xn.— Silica, ooiminTED, .* ... p. 88. 

• 

216. Silica abounds in the lowest plants. 217. The lories of the Diat<miflL 
218. The Arachmoidiscus. 219. Recent and fossil Diatomacen. 220. Silica in 
the grasses. 221. How it is that straw grows erect. 222. How to demonstrate 
its structure. 228. Defence of the grasses : husk of Rye. 224. Husks, and 
pales of grasses : effects of brown bread. 225. Demonstration of this state 
ment 226. Bj means of the microscope. 22*7. The action of silica on the 
organs of nutrition. 228. The Berg-mehL 229. Its microscopical character. 

LESSON XnL— SiucA, concluded, P- S8. 

280. Silica from the husk of the Oat. 281. From the husk of the Bice. 
282. Flint in the Horse tails. 288. The flint a cast of the cuticle. 234. Struc- 
ture of the Stomata. 285. The uses of Dutch rush. 286. The buUrudies. 
287. Silica not confined to the grasses. 238. The Deutzia scabra. 289. The 
structure of the upper cuticle. 240. The under cuticle. 241. Use of the leaTee 
of Deutzia. 242. Large amount of silica in the canes. 248. The like in reeds. 
244. The formation of vegetable sap. 245. Mtftual decomposition of some d 
the elements. 246. The ulicic acid of Chara translucens, and allied species. 

LESSON XIV.— Hairs, p. 41. 

247. Composition of hairs. 248. Variety of their form. 249. How consti- 
tuted. 250. Where found. 251. Thej are sometimes very extensiyely de- 
veloped. 252. Haira of the Cowitch. 258. Of Venus' Fly-trap. 264. Hairs 
of Cotton. 255. The division of haira 256. Gkndular hautk 267. Stalked 
hairs. 258. Hairs are sometimes ducts. 259. Hair of the nettle. 260. How 
to avoid being stung by it. 261. Hair of Chinese sundew. 

LESSON XV.— Cuticle, p. 44. 

262. Resemblance between the cuticle of plants and animals. 268. Mode of 
its formation in plants. 264. Its texture. 265. Position of the stomata. 266. 
Opening and closing of the stomata : on what this action depends. 267. The 
number of stomata. 268. Number in different plants tabulated. 269. Leaves 
upon which stomata are not found. 270. Stomata of Ruscus aculeatus. 271. 
Of the Ivy. 272. Of the White Lily. 

LESSON XVI.— Leaves, p. 46. 

278. Nature of leaves: their varieties. 274. Aerial leaves— description 
of them. 275. Vascular system of the leaf 276. How distributed. 277. The 
Parenchyma. 278. How formed. 279. The upper cells of the Parenchyma. 
280. Ezammation of a Melon leaf. 281. Of the leaf of the Balsam. 282. The 
green color of leaves. 288. The dark color of the Negro skin : how caused. 
284. The same law governs the color of the leaf of a plant and the human 
skin. 286. The vascular system of a leaf. 

LESSON XVIL— Of the Stems of Trees, p. 4S. 

286. Their anatomical character. 287. Of what the stems are composed. 
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288. Description oontioued. 3SE>. DilTereaceB in the mode of airangement, uid 
CDneequent dlviiioii of plrniW : cbaracler or Emjogcns. 290. Cbaractcr of 
Exogens. 291. And of Acrogeni. '^V■i. Resume, sea. Oiber dietbctiona. S94. 
Reuapitulition. !9fi. Eiogeiis most aumerous. 29e. The Aerogun described. 
'201. Tree Feme, the best euuople. 29^. Traneveria seoCioD of Tree Feru dC' 
scribed. 

LESSON XVm.— Tbs Eudoosnodb Smi, p, 81. 

399. Its chsracterB defined. 300. Etidogi?nB belong to hot cKmalca. BOl. 
The Endogenous stem eiemplifieA B02. Tbo early condition of it. 3oa. The 
cellular tiaiue. 304. The dotted vessel, SOS. Exempt from puroaitic plnnlB. 
306. The soft vood is iateronl. S07. The rapidity of their growth. 308. Tu- 
eoUr bundles of the Bamboo. 

LESSON XIX.— TBI ExooENOUB Stek ! .... p. 5!. 

SOB. Originally cctlulir. 810. SevelopmcnC of other tissues. 311. Coill- 
pleted Hrueture. 312. The second year's growib. 313, The Cambium cells. 
314. The medulhiry sheath, 31fi. The second year's growth more fully c»- 
pkined. SIfl. Changea in the pertnonent woody stem. 317. prder ia vhEch 
the IJunei are produced. 31B. TiMues of the second year. SIS. The third 
year's growth. 820. The Rubject coMioued. 331. The cbaraetert of the tissues 
given Mparatcly. Tht TTood— 332. How the layers of wood are formed. 828. 
They consist of woody fibres. 334. Hardness of the wood in oM treex. 32fi. 
The heart-wood is colored in aome trees. 32a. Proportions of heart-wood and 
albumen differ. 82T. Durability of wood. 



LESSON SX.— The ftEUAiiiiMa TifisrKS, p. S6. 

The Mtdullary ray*. — 338. Theic structure. 329. Their pDeition, 330. Their 
aiie varies. TTii Cambium layer. — 331. Where situated. 332. Its composition. 
838. What can be done in the spring. Tht Bark.— SSi. Its development. 83S. 
The inner bark. 3S6. The fibres of Bass-wood. 337. Separation of the fibres. 
SS8. Immunity from doeay of woody fibre. 839. The importance of woody 
fibre: known to the ancient Egyptians. 340. They employed it in the manu- 
facture of linen. 841. An ancient ronminy eihnmed by BeJzonl 842. A still 
older one at Rome. 343. These facts Imown to microecopists. 3J4. Ancient 
Peruvian mummy doth. 346. Economic value of woody fibre. 346. Our obli- 
gations to this tissue. 



PART II. 

ANIMAL TISSUES. 

LE^ON XXL— Tbe Okioinal CourofniKB or the Anihal Boot. , . p. 69. 
847. Composition and uses of the parts of an E^. 348. Albumen : what 
lembryoDic, oryoun^condiUon 
8fil. Nou'gcUtinoua tissues. 
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862. Chemical composition of Albumen. 858. Its change into fibrine. 864. 
Chemical composition of fibrine. 856. Solubility of fibrine. 866. Resemblance 
of albumen and fibrine. 867. Proteine : its composition. 868. Under what 
circumstances albumen coagulates. Tendency of fibrine to form tissues : Tu- 
mors. 869. Conyersion of albumen into fibrine. 260. Where it appears. 861. 
In the blood : its proportion. 862. Coagulable lymph : how formed. 868. Ex- 
udation : how formed. 864. Latex of plants compared with blood. 865. Fib- 
rillation of fibrine. 866. Tissues formed by it. 867. Membrana putaminis. 
868. Utility of fibrillated fibrine. 

LESSON XXII. — Of Cells, Membranes, and Fibres, p. 68. 

869. Animal cell : its history : comparison of cellulose and cellular tissue. 
870. Composition of animal cells. 871. Contents of animal cells. 372. Nu- 
cleoli. 873. Multiplication of cells. 874. Cartilage. 876. Cellular — areolar 
tissue : its structure : demonstration of it. 876. White and yellow fibrous tis- 
sue. 377. Where found. 876. Demonstration of white fibrous tissue. 879. 
Demonstration of yellow fibrous tissue. 880. Ligamentum nuchs : illustrated. 

LESSON XXm. — Simple Cells floating in Animal Fluids, ... p. 66. 

381. Human blood : circulation in Frog^s foot. 882. Red corpuscles : their 
form. 383. Their elasticity. 884. Their ^ize. 885. Does the human blood 
corpuscle contain a nucleus? 386. Membrane of corpuscle : effect of water : 
effect of syrup. 887. Measurement. 888. Effect of inflanmiation : rouleau. 
889. Frog^s blood : illustration : its fibrillation. 890. Fibrillation and illustra- 
tion of blood : Locust. 891. Probability of a nucleus in human blood : exami- 
nation of blood taken by Mosquitos, illustrated. 392. Shape and comparative 
size of blood corpuscles in animals, illustrated. 393. Colorless corpuscle, illus- 
trated. 394. Formation of colorless corpuscles. 896. Their change into red 
corpuscles. 896. Their power to repair injuries. 

LESSON XXIV. — Cells deteloped upon free surfaces of the Bodt, p. 71. 

397. Epidermis. 898. Structure of epidermis : ablutions. 899. Sponge 
bath : temperature of room. 400. Effects of cold chill. 401. Effect of cold 
water on young children. 402. Necessity of warm clothing for females. 408. 
Corsets adyocated. 404. Shoulder straps to be used to remove weight of 
clothing from the hips. 405. To produce reaction in young children. 406. 
Improper time to take a bath. 407. Another form of bath. 408. Friction re- 
commended. 409. Many ducts in epidermis : of what kind. 410. Intention, of 
their production. 411. Effects of the removal of epidermis : secretions of its cells. 

LESSON XXV.— The Nails, p. 74. 

412. Composition of nail. 413. Matrix of the nail: its structure and com- 
position, illustrated. 414. Malpighian layer: its structure, illustration. 415. 
Structure of homy layer, illustrated. 416. Vascularity of matrix of the nail, 
illustrated. 417. Operation for removal of nail : why it does or does not grow 
again. 418. How operation should be performed. 419. Homy hoofs of cattle : 
their vascularity. 



ANAlTSIa OF TUE I-ESSO^fS. XV 

LESSON XXVI.— Haib, p. 11 

420. Structure or Iloir : tho lajen of which it consiEta. 421. Tlie cortlcnl 
flubstanoe. 42M. Tbe medullarj Bubslance. 423. Difference between' featliera and 
txur. 434. Vuculuit? of feathers. 439. Stractiire of a feather illiiHtrated and 
esplaiaeJ. 4Sfl, Cuticie of human hair : ita compodtion. 4ST. Ho» attached. 
HB. Shaft of a hair. ^29■ Epidermic »palea removable ; illDatration. 4S0. 
Action of Caujitic Potuah and 8oda on cortical substaoce : pi^ent gramilea : 
^, 431. Scalea of the root of hair, illuMrated. 432. Structure of medulla: 
M^on of caustic soda upon it: air contained in it: illustrated. 438. .Air de- 
monstrated in the shaft of human efe-brow, illuetruied. 434. Trausrerse eeo- 
tionB of human hair described and illuatrsted. 43S. £la«llcity of hur : absorp- 
tion of moisture. 488, Chemical composition of hiur. 437. Stnictiire of Wool ; 
Broime'a comparison of a Negro'a hair ^nd wool: hie sutemcnts examined. 
488. These opinions refuted. 4Bil. Hair of Negro, illuslrBlcd : Hair of Indian, 
illustrated. 440. Hair of beard. 441. Why the Imir of the Indian and Kegro 
should tie ttronger and coarser than hair of a while man. 



LESSON' XXrn. — Qua, cobclddid, p. 88 

443. Importance of a knowledge of tlic structure of Hair. 443. Vascularity 
of folliele of feline auimala. 444. The structuro of trausverse aectiona of li- 
brissw: Tiger and Cat. 44IS. Importance of Tibriese to the feline animala. 
446. Their use. 441. An ciperimcot. 448. Vaino of transverse sections of 
hair. 449. TibriasK, Rat and Raccoon ; air in the medulhi. 460. Pochyder- 
outons (thiek-sldnncd) aoimola : plurality of medullary canals : hair of the Ele- 
phant's tail, iilustrated. 451. Hair of the Elephant's proboscis and Hog's bristle 
compared. 4iSS. Structure of whalebone: bur from the mane of the Horse an 
eiception to tbe pachydermataua rule. 4BK. Hair of tbe Turkey. 464. Hair 
of the Rominanlia : cellular structure of the Stag's hair explained anil illustrated: 
Wtpeti Deer. 46S. Goat's hair : comparison. 4Gfl. Hair of Omilhorhyncos 
paradoxus : its peculiarity explained. 4ST. Quill of tho Porcupine described 
and illuatrBtcd : its atDnity to hair. 4fi8. Quill of English Hedgehog dcscrilMd 
and figured. 4G9. Quill of the American Porcupine : the difference of structure 
explained. 40U. Imbrications on the bnirs of animals. 401. Hair of the Seal 
deecrlbed and illustrated. 4fl2. Mouse hair, its peculiarities : Imir of Phssco- 
gale pennlcilhita. 4n3. Hair of Indian Bat. 464. Remarkable hair of Aphro- 
diCa hlspida. 4S5. Curious hair of Dermestes hudarioa. 46S. Hidrs of the 
brva described. 



LESSON XXVin.— EpiTHEt.li™. Skhocb *nd Stsotial Meubbanis, 



p. 93. 



4AT. Epidermis and Epithelium compared. 4nH. Where found. 4<i0. Form 
of eella. 410. Tessellated or pavement epithelium. 4U. Nucleus in ceils. 
4lS. Cylinder epithelium, 413. How to sec the cylindrical cells. 414. CyUnder 
^theUum : where fornid. 41G. Ciliated epithelium : nhere found. 416. Action 
of eidthelium : its continuance after death, 417, This phenomenon not confined 
to man. 418. Qliated epithelium of tho Frog : bow seen. 479. CiUaled epi- 
thelium, Irom the drum of human ear. 46a Eintheljum, like epidenois, ex- 
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roli&tei. 4B1. Epithelium on serous iQembranes. 4S!. Two nuclei tinmi A 
line celL Serdcb amo Stkotul MiiCBBjUits.— 4SS. Their structure. tH^ 
Closed eacs:- their contcnta. 48fi. Where fauod. 186. Serous membrBues 
invest abdomiiutl viscera. 487. Sfnonal membrane: its desoription: where 
found. 488. Bonte mucosB. 

LESSOif XSIX"— OROiSS or Nbtbihon, p. 97. 

4Sa. Enuniuation of stagniuit water by the microscope; it« reTcUlioni. 
490. Plurality of digestive sues. 4Vl- Probablf tills description is erroaeous. 
493. Chai-acters of the Soti/ara. 40S. Arrangement of their vibralile oi^ans. 
404. Rumarkablo tenacity of life. 40fi, HabiUt of Entuzo*. 496. Desuriptioa 
of them. 497. The Arephaloci/tt. 4B8. Descripdon of it. 488. Two apedea 
of tbem : mode of multiplication. liOO. The Canuna rxrtlrralU. GOl. The 
"gld," or nud-ataggers in uumals: wliat produces it. 602. Deecriptiou of 
Cotnurus. GOS. Hydatids have no sex. C(M. Schinomeem hominii : descrip- 
tioD of it DOB. (^/ttiarau eiUulota, 606. Where found. fi07. Tania lo/ium, 
or Tape-worm, described. 608, Jhtloma: two species of them. 609. Ditloma 
Kipatiaim, described. 610. JHttmna laneeelatva, described, till. Fonteitea of 'J 
the Pig, enuweratiid. 

LEBBOIf XXX— Obo»N8 o» Scteiiiqk, coNTiKVEn. Poltti, . . . p. IM 

6ia. General descriptian of them. 613. Uarine Polvpes. G14. Freihwi 
Polvpes cnunterated and deauribed. 616. Habits of the Hfdrv. Git 
dmplicity of atruclnre. 617. Mode of reproduction — bj budding (gemi 
and cutting them. 618. Marine Polypes. G19, CoraHiam nibnim. 621 
becomes of the natriment 621. Kulritive orgwis of C. ruinnn dcBcribt 



LESSON XXXI.— OaaASB of NutRino:! is Acalepha, 

S22. General description of the jico/fpAo. 628. Pjiwi'i descriptioi 
624. Our prtsent inToramtion of them. 626, Jihhosloma Cuirieri, i 
626. Cetonia auriia, described. 



LESSON XXXn.— Orouis or Nctbitios is the EcHisoDiBMii*, . 

6a7. The characten which distinguish them, 628. Their digestive appant 
623. Nutrimcntal organs of Aileria*. GSO. 0(Ecal apparatus, 631. Sekim 
explained and described. G32. Description of the teeth; salivary foUielea. GSS^ 
Cavity of the "lantomof Aristotle," Pharynx, CGsophagu?, &o. 684. The ben 
described. Dolothiiua. — G36. Description of tbeni. 630. The mouth : b 
cola. G37. Their teeth. 638. The (esophagus and stomach of ff. ef^iu. 
The braDchlte (gills]. 640. Spontaneous rupture of the iutegutnent in Holotbnrti 
641. Caused by great tnnsculsr irritability, G42. The tendinous chorda. 
CitaiMaria frondoia. 644. The sexes distinct: the ova. 646. Orcat brti 
of Holothuria: the ovarium. G46. The respiratory organs described. 
Intestines terminate in the cloaca. SiPUSCCLUS. — 548. Bough Syriux, c 
worm. 649. Descriptioa of it. 



I 

I 



OF THB LBSSOKS. 

LESSON XSXnL— Oeoans or Ncthitiojc is thb AwsKiLiTi, ... p. 
GSU. Nunc of the cUsa: bow abtained. GSl. Peculiaritj of tUo c 
GS2. Ite»piralorj orgime most atiractiTv. GG3. Mode of kctlon of lliesc organt. 
SM. Their DutriiueiiUl orgtms. GSfi. NutriiDentol organs of .^^i/nvHJi'a lUiUiata. 
fiSA. Hoalh of the Ltteh. 6G7. Ite (EeophBguB ami gtamai^h duHi-ribcd. GBB 
Arm]' aurgcons arail themMlTes of a peauliuitf of the □utrimentsil cairn]. G90 
The cMumoD mode of treating leeches condcmacd. Geo. A better plan pro- 
posed: blood-sacking propensilT !u leeches a curious pheootncnon. GUI 
Artnicola pucalarwa, its Wood: rcBpInktorf lufU. G6S. Its nuIrimeuMl orgosi. 
G6S. CircithttioQ of the btood. 



LESSON XXXIT.— Oroaks or Ncteition is tee Bmon, 



. 13B. 



604. The cUbs described. G6G. Mode of attacbment of the Lerocra. 600. 
The mouth and alimentarj cftnoL 667. The norrous sj-Hteni : heari and cireu- 
la^on of the blood. G68. The Ovitriii described. 569. Disporit; iu size of the 
sexes : the male UlusCrated. 

LESSON XXXT.— Orouch of Nctbitioii in the Cibbifoia, ... p. 123. 
070. Han; of them parasitic: Tublcinella. 611. Heaidng of their Dome. 
612. Superior protection of the visceral mass. G73. The coiumou Barnatlt ie- 
icribed. 071. The sesmle Cirripedg. G7fi. The itnicturo of a XcpoJ explained: 
their brancbin. 

LESSON SSXVI.— OnaiKB of Ncthitiok in rni Cudstacki, ... p. 126. 
fi7S. General dcsoription of the class. B77. Their breathing orgatts. 578. 
Their skeleton described. G7S. The power of locomotion of the Lobster. G8D. 
The tnotitb : position of the gills. SBl. Mouth, cEaophagus and etomdch de- 
■cribed. 532. Their eaatrie teetli. 68S. The alimenlarj canal. GH4. Aorta 
and polmonar; vein : oervoua lyeiem. GSS. The venous sinuses. OHA. Thev 
occupj the pUce of veins : extent of these sinuses. GBt. Casting their claws 
(Lobsters) explained. 688. Difficulty of demonstrating these sinuses. 

LE8S0N XXSVIL— OwiiJis or Nhtbitioii ib Insects, p, 128. 

669. General description of the nutrimentnt canal in animals. SvO, Uodi- 
Qcations to nhich it is liable. BOl, Its structure in Insects. 692. Length of 
their intestines. 693. The several parts into nhich they are divisible. 694. The 
saSvary glands. 696. The parts describeii not always present. 696. The bile 
vessels. 697. The pharynx. 698. The (esophagus, 499. Hade of Bcparatlon 
from the stomach. BOO. The pumping stomach. 601. More fiilly explained. 
(02. The proventriculus. 603. The stomach. 604. The duodenum, aOG. The 
ileom. BOO. The colon. ao7. Theciecum. 008. The biliary rcsscls. 009. The 
eiUvtry glondn, 610. Principles of ckssiS cation. 611. The Liuncan system. 



LESSON XXXVIII.— NcTBiTioN in Iss 



p. 133. 



mplified. 013. The etructuro of Iho a 
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Insects. 614. The Coleopterous order. 615. Comparative length of the ali> 
mcntary canal. 616. Nutrimental organs of Cicindela eofnpestris. 617. The 
mouth in the Hemipterous order described. 618. Nutrimental organs of 
CifMX leetularius, 619. The Cockroaches: nutrimental organs oiBlaUa Ameri' 
cana described. 620. Description of Pancreatic follicles, peculiar to these in- 
sects. 621. Their salivary glands illustrated. 

LESSON XXXIX. — ^Nutrition in Insects, continued, p. 188. 

622. The Linnsean order of Hemiptera discussed. 623. The OrthopUrom 
order. 624. Nutrimental organs in the Cricket. 625. Salivary glands in Loetttia 
viridutima, 626. The Proventriculus (gizzard) of OryUotalpa (Mole Cricket). 
6^. Intestinal glands. 628. Deum of Acheta domeatica, 629. Parallelism be- 
tween vegetable feeding insects and the nmiinant quadrupeds. 630. Organs 
necessary to digest this kind of food. 631. Mouth in the Lepidoptera. 682. 
Mode of using it. 633. Structure of the under jaws. 634. Structure of the 
Esophagus. 635. Alimentary canal of the Cabbage Butterfly. 636. Descrip- 
tion of it. 

LESSON XL. — ^Nutrition in Insects, continued, p. 141. 

637. Nutrimental organs in the Larva : peculiarity in the development of the 
salivary glands. Structure of the alimentary canal. 638. True salivary glands 
described. 639. Silk vessels. 640. The change from a Caterpillar to a Chrydalis. 
641. The formation of silk for the Cocoon. 642. The alimentary canal de- 
scribed : its several parts. 643. Description of the minute structure of the liver. 

LESSON XLI. — ^Nutrition in Insects, continued, p. 144 

644. Ncuropterous insects described. 646. The Dragon flies: their great 
importance. 646. The Agrions. 647. As larve, pupae, imago, their habits 
remain unchanged. 648. Mouth of a Dragon fly. 649. Use of the palpi. 650. 
Use of the peculiar under lip. 661. The Hymenoptera. — ^The Bees: their 
mouth. 662. Their nutrimental organs. 663. The pumping stomach. 654. 
Action of the true stomach. 655. Function of the crop. 656. Structure of 
the stomach and the bile ducts. 

LESSON XLII. — ^Nutrition in Insects, concluded, p. 147. 

667. Form of the mouth in the Diptera. 658. Its peculiar form in the pre- 
daceous diptera. 659. Also in the phytivorous species (vegetable feeders). 
660. Mouth of Hdophilua tenax. 661. Use of the rugous, fleshy lips. 662. 
Great development of the pumping stomach. 663. The salivary glands. 664. 
Position and connections of the oesophagus. 665. Action of the pumping 
stomach explained. 666. The alimentary canal described. 667. The Apterous 
insects. 668. Comparison of the nutrimental organs in Insects, and in other 
animals. 669. Analogy in the digestive sacs of L. viricUssima and the Rumi- 
nants. 670. Resum6. 

LESSON XLin. — Organs of Nutrition in Arachnida, p. 151. 

671. Characteristics of the class. 672. Minute and parasitic Arachnidans. 



AITAI.T3IS OF TnE I^ESSONB. XIX 

07S. DemodexfiUUiihnim, e'14. Description of its mouth. S76. Natiimental 
orgona noljeC found. 67B. Theil«h: what causes it- (177. Ihe Aeanm uabiia. 
078. Its mouth doicribed. S79. The Spiders, 6S0. Nutrimeblal orgma of the 
domesUc S;ndcr. SSI. Eaay mode of liucliug the oUas of a&f articulate Baimal, 
682. Charactora of the M^riopodi. 

LESSON XLIV. — OnoANS o» Nittbition ih tbe TmtrCATE HoLLtrBoi, . p. lOS, 
SSS. Nutrition ptedominaies in the Hollii»cii. 984. Tunicato nnd other Mol- 
luMs are hciullebs. 086. The cause of tlieir name, flEG. The Braehiopoda. 
887. The LamtaibrmtcluiUa. flSS. The Pirropoda. B80. The Oaiteropoda. 
691). The CephalojKida. 601. Tunlcatn ; how found: their tunic described. 
69i. Uning of the tunic : <\fnthia pupa described. S93. The nutritive orgini. 
094. They are devoid of teetli, jaws, and salivarj glands : possess a liver. flOG. 
DBvelopracDt of ovarii uid oviducts. 606. The Pgnuoma described. 697. De- 
BcriptioQ coDtiuucd. 

LSSSON XLV.— NuTKiTioN i.f tub BaicniopoDA p, IG7. 

698. The orders of the class enumerated. 609. Aliiiicotary lube in Tere- 
bmttila : the firms described. TOO. The nutriuuuitat organs described, 701. 
The BBme aulyect continued, 

LESSON XLYI. — NttT&iTioM m toe LAMELLinnAKcnitTjk, akp ik the 

Pteropoda p. ISO, 

702. Organs of nutrition in the Osriler.- its ovarium. 703. Deveiopoient of 
locomotive organs in HoUuscdqs animals, 7fi4. Fonn and position of thorn in 
tho Pleropods. 706. Somo of them arc provided with a shell. 70fi, Thtlr size ; 
where found; the; constitute the food of the Whale. 707. Hjalaa described. 
708. Ita nutrinental orguts, 

LESSON SLVn.— NcmtTios ra the Gasteeopods, abd m tbe Cefha- 

Lorons, p, 163. 

709. Position of the respiratory organs in certain Gaslcrapods, 710. Eolis 
Inca. 711. Necessitf for a higher grade of tbe nutrimoiilal fiiuctioD. 712. Form 
sfthamonlh in Aplgtia faciala. 713. Its organs of nutrition. 714.TheBame 
oODtinoed. 71,^. Number of gastric cavities: development of teeth. 716. The 
teeth Qt Jlueeiniim undatum; the tougue of tho Limpet. 717. General de- 
•oriptlon of the CEraALUPODs. 718. Tho tongue and saUvary glands. 719. 
Alimentary canal described. 720, Description continued. 721. D(>Bcripeian 
concluded. 722, Apparently defeDcclesa. 723, Deairsbic food for other ani- 
inak. 731. The wisdom and beneficence of God displitjed : their passive means 
flf defence. 725. Sitnaiion of the ink-bag. 728, '■ Indian Ink " and " Sepi»," 
how made. 727. Ink obtained from fossil Cuttle-fishes. 728. Their intenul 
■Itelelon. 729. Varied shnpo of the bone. 7S0. Its great lightness in Sc(^ 
■ olEoinoUa, 731. MitToscopiuateEhibilionof it. 732, Tho " bluEjhing " of Cutllc- 
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LESSON XLVm. — Nutrition in Fishes and Reptiles, p. 167. 

788. The habits of Hshes. 784. Their accessorj glands. 735. The ali- 
mentary canal. 786. Alimentary canal of the Herring described. Reptiles. — 
787.* Their habits. 788. The Frog's tongue. 789. They are carnivorous and 
predaceous. 740. The subject continued. 741. Their sense of hearing and 
sight. 742. Method of seizing their prey. 748. It must be done quickly. 744. 
Harmlessness of Frogs. 745. The Frog's teeth : pulps injected. 746. Alimen- 
tary apparatus described. 747. The stomach injected. 748. The duodenum. 
749. The ileum. 750. Batrachians not amphibious. 751. The true amphibia 
described. 752. The Menobranchus described. 758. Its internal structure. 764. 
The Menopoma : its stomach. 755. The gradual deyelopment of the stomach. 
756. Stomach of the Snapping Turtle. 

LESSON XLIX.— Nutrition in Birds, p. 178. 

757. Adaptation of the nutrimental apparatus. 758. Comparison of the 
several forms of the bill in Birds. 759. The same subject continued. 760. 
Continued and concluded. 761. The nutrimental canal of the Fowl described. 
762. Continued. 768. The muscles of the gizzard: their action. 764. Ne- 
cessity of flint for Canary birds. 765. The subject continued. 766. The re- 
mainder of the alimentary canal described. Same in the Crow. 

LESSON L. — ^NuTRitiON in the Mammalia, p. 177. 

767. Great variety of the digestive organs in this class. 768. The develop- 
ment of organs of sense accessory to nutrition. 769. The Rodentia^ stomach 
of the Rat. 770. The same examined internally : injected, and microscopically 
examined. 771. The Rat, omnivorous. 772. The mode in which they are sup- 
posed to digest their food. 778. Musk-rat and other Rodents, vegetable feeders. 
774. Especial form of nutrimental organs necessary for grass. 775. The Ru- 
minants possess four stomachs. 776. Their natural gregarious habits. 777. 
Their domestic habits. 778. Mode of feeding : what becomes of the food. 
779. The subject continued. 780. Action of the second stomach. 781. The 
subject continued. 782. Process of insalivation, or ** chewing the cud." 

LESSON LI. — ^Nutrition in Mammalia, continued, p. 180. 

788. The third stomach in the rimiinant described. 784. The fourth and last' 
stomach ; its function. 785. Peculiar addition to the l^cond stomach in Camels 
and Dromedaries. 786. Comparative length of the Intestinal canal. 787. Its 
structure. 788. '^Peyer's glands" in the small intestines. 789. Structure of 
the large intestine. 790. The teeth in the Carnivorous animals. 791. Structure 
of the tongue in the higher animals. 792. Peculiar structure of the tongue in 
the feline animals : use they make of it. 798. Subject continued. 794. The 
like. 795. The Cat's tongue : its effects. 

LESSON LIL — ^Nutrition in Mammalia, concluded, p. 182. 

796. The filiform papillaB, where situate : the fungiform and circumvallate 
pajullffi : other filiform papilla. 797. Structure of the stomach ; Villi of 
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the trnnH inteetines; Cat, LEod. 798. The intcstinnl glnndular e^glcm. IDP. 
Tho tolilarj gluida. 800. The same in the Lion. 8"1. Slnictare of thi> tongue 
in Doge. 81)3. FUifonn and circumvallate iiapitho of the Uog. 8u», Mui^oua 
membnuie oEtbe etomtKh: Bog. 8i>4. Sepnratioa ofatomucb from duodenum. 
6115. Duodenum of a Dog. 806, Ji^uauia and Ileum. Bu7. The coion. SOS. 
Cert&in acccaeor; orguis cooalileted. 

LE8S0N' Lm,— Tbb btbdctcbi of th» Tirm p. 188. 

800. tntrodaclion. 810. Ultimate Btruetnre of the human garaa conaidGred. 
811. Ttnc Tketb. — Sclerogcnoua tiuae. 812. The tissues compoidng human 
teeth, and those of tho higher niammaSia : the mode of their airangviaenl. 
8IS. The strutture of Enamel. 814. Its brittleness. 815. Its prbmatle struo- 
ture. 816. The method oPscparatbg the prismfl described, 817. Connection 
of the prisma to each otbcr. 816. The facets of the prisms. 819. The same 
demonsEmlcd t their niunber. 820. The prisms sepamted. 8^1. Uothod by 
which the dentinal tubuli (iror^) are connected to the cuamcL 822. Thejuno- 
tion of dentine with cniata pelfosa. 

LESSON LIT.— Thk BTRCCToaB or THi Teeth, CONTINUED p. 192. 

8S3. Probable formation of the prlnns of enamel. 831. Appesnuiue of the 
dentine ; it fomis a case In which tbe pulp is enclosed : aperture for tho tnna- 
mlstion of vessels and nerves. 825. Description of dentine. 8S6. Diruotion 
of the tuboli. Sil. Illustration described. 8^8. The Orusta Pctrosa described. 
839. It« bone cells, 830. The eanaliculi. 8S1. Ossification of the ptilp cavitj. 
8S3. Exominalion of the tubular character of the dentinal canals. 8HS. A fur- 
ther description of them. 



LESSON LV.— Thk arEuCTURK o» xnE Teeth, continited, . . . . p, 191- 
634. Structure of the toeth in Dogs: moUr toolh described. 8S6. The 
raolar of a Cat. 63H, Canine tooth of a Horse. 837. Tusk of a Hog; loDgi- 
tadinal eectiou. 838. Transveree section of it. BSfl. Teeth of the Herbivorous 
quadruped. 840. Peculiar arrangement of their tisaues: necessltj for it. Ml. 
This arrangement may be seen in the crown of a molar tooth. 842. Action of 
flint upon teeth. 843. The sjitems of enamel in tho upper and under jaw. 
844. Arrangement in the upper jaw demonstrated. 845. Tbe tissues shown on 
the eame plane in a Sheep's molar tooth. 



LESSON LVL— Thk stnutTHiM of tbb Tkkth, ci 

840. Struecnrc of the teeth in the Rodcntia. 847. Effect of a broken tooth 
of a Rat, or a liabbil. 848. Thej are broken artificiallj for Museum purposes. 
849. Structure seen in a longitudinal section of a Rabbit's indsor. BSD. The 
same In transverse section. 8fil. Structure of the molar teeth la tbe Rabbit. 
8S2. Demonstration of iL 8fi8. Uolar of the Uusk-rat : demonstration. 



LESSON LVn.— TBIBTB0CrroitX0FTItlTK«™,C01(CLIIt)KD p. 2O0. 

SM. Tbe dcgradatiuu of teeth : loss of tissue. 8efi. Structure of the teeth in 
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Reptiles. — 856. Yaso-dentine in the PrUtis and MyliobaHB, 857. Peculiftrity and 
demonstration of the Pristis. 858. The yaso-dentine best seen in longitudinal 
section. 859. Ramified tubuli shown in transverse section. 860. Ostco-dentine 
shown in the fossil tooth of a Shark. 861. The canals described : osteo-dentine 
in the tooth of the Muscalonge. 

LESSON LVm.— The Salitart Glands, p. 208. 

862. Salivary glands in the human subject enumerated. 868. The parotid. 
864. The submaxillary glands. 865. The sublingual glands. 866. Their struc- 
ture. 867. Structure of the lobules. 868. The ducts : the general application 
of description. 869. These glands found in Reptiles, but divided. 870. Func- 
tion of these glands. 871. Nature of their secretion. 872. Analogical infer- 
ence in regard to their secretion respectively. 878. Necessity of masticating 
the food. 874. The three properties of saliva. 875. The efiect of saliva on 
grass in a Cow's stomach. 876. These effects demonstrated by experiment. 
877. Experiment made on a Caterpillar. 878. Can the stomach destroy the 
living principle in organic matter ? 879. This property belongs exclusively to the 
saliva. 

LESSON LIX. — ^The Salivart Glands, concluded, p. 205. 

880. Pain of a Mdsquito bite. 881. What produces it? 882. Why is the 
bite of a Rattlesnake poisonous ? 883. If a Man be bitten by a Dog, &c., why 
should he have hydrophobia? 884. These questions answered. 885. Saliva 
harmless or fatal according to the method of its exhibition. 886. If a Mosquito 
were larger, probable effects of its bite. 887. Pain inflicted by other Insects : 
how caused. 888. Division of the salivary glands in the Reptiles significant. 
889. Glands in the Boa Constrictor. 890. How he insalivates his food. 891. 
Bite of a mad Dog not always fatal : bite of a sound Dog may be fatal. 892. 
Distinct property in the glands respectively. 893. The phenomena of the dog's 
accounted for. 894. This opinion supported. 895. The aid of Chemistry in- 
voked : the teachings of comparative Anatomy important. 896. The third func- 
tion of saUvary glands explained. 897. Life destroying character of these glands 
in Insects. 898. Why should Insects possess three pairs of these glands ? 899. 
Salivary glands in Nepa. 900. Difficulties of the question. 901. These glands 
misnamed by butchers. 902. The true sweetbread. 

LESSON LX. — ^The Properties or the Gastric Juice and Mucus, p. 208. 

908. The saliva moistens dry food. 904. Gastric juice and mucus neces- 
sary to healthy digestion. 905. Water dilutes the gastric juice and impairs its 
function. 906. Its effect upon the capillary circulation. 907. Water contain- 
ing much lime is unfit to drink. 908. Such water should be boiled : the reason 
why. 909. Where the mucus tubes may be found. 910. The capillaries in 
connection with them. 911. Gastric glands: where found: their function. 
912. These glands less definite in Man than in other animals. 91^. Glands from 
the pylorus of a Dog. 914. The like from a fcetal Call 
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ANALYSIS OF THB LESHONB. XXUl 

LE8S0S LSI.— Ndtwiiok w M*ii, P- 210. 

91S. The order ia nhich tbe digestive orgsos ore u^cd, and the ruQCtioa tbat 
etcix performe. 818. The nction of the leelh. BIT. ProceBs of inealiTstion. 
918. Action of the tongue. 919. Structure of the humati tongue: fuiicOonof 
the toDRue in luiimok. 920. The lEsophsgna. 921. Action of its mascles. 
9Se. Form of the stomich. 92S. Its mascotar coata. 92i. The cardi&c mod 
PjIdKc oriRcea explained. e2A. Cheniivnl iiiltui'ncca and musculnr action on tbe 
food. Vi6. The Mtionofheut upoathc food. 9-27. Actionof tbepylurlvralve. 



LESSON LXn.— ScTEinoN in Mas, contisckd p. 213. 

9Sg. FormatioD of chjie ; orgniiB necesasTj. 929. Characteristic* of tbe 
cbjle. 930. Where the chjle goca to, and for what purpose. 931. Pecullaritj 
of the villous coat of the humiin stomach. 932. Tbe Dnodenutn: Brunner'a 
glands. 9SS. Position and description of these glands. 9Si. Villi of tlie Dao- 
denum. 68G. Huoiui crjpts, or foiliclca of Lcibcrkuhn. 936. The Jejunum: 
mucus crfpta described. BST. Villi of the small IntcatiDC contain lactealx. 



LESSON LXm.— NoTBtTiOH tN Man, conttnitkd, 



p. SIG. 



93B. Precipe relation of human Incteals to the villi uolcnown. 939. Tliey ex- 
ceed the capillaries in size. 940. llow does tlie chjie get into the locteals!' 
941. Some original observations on this subject recorded. 942. Tbe human 
iletua : il« glands. 943. These glands deacrilicd. 944. DoMTipliou conlinutd. 
948. Contents of these pbtnUs. 946. Their liability to disease : lypbuid Peyi'rion 
glands. 947. Uucoua membrane of bumun large inlcBtiue. ^48. Solitary glands. 
M9. Oeneral form of the nutrimentol organs. 



LESSOy LXIV.— Ndtrition in M*s, continued, p. 2IB. 

950. Resume: Animalcules. 951. The Roiifero. 9fi2. The Entozoa. 9SS. 
The Polypi. 9G4. The Acalepha. 9SS. The Echinodermata. 956. The higher 
ordeTH of Ecbinoderms. 957. The Almellidea. 953. The Eplioa. 950. Tbe 
Crripeds. 960. The Crustacea. Ottl. The Insects. 962. Their accessory or- 
gans. 9B3. The Arachnida. 964, TheUulluscageneniUy. SBa. The Tunicata. 
M4. The Ccphalopods. 967. The Fishes. 90S. Tbe Reptiles. 909. The Birds. 
9T0. The Uammalia. 



lEBSON LXV.— Netbitcon r 



Man, 



971. The human intestinal tract a wonderfiil piece of mcchnnlKm : rules for 
ft healthy stomach. 972. Imprudence in eating and drinking. 973. The mus- 
cular coat of tbe itomach iind all the digestive organs require repose. 974. The 
most nulriliouB meats indicntcil and proved by experiments an the stornach of 
Ifartin. 975. A form of bread that is injurious, especially lo children. 976. 
I What takes place if alum be nsed. 977. Tbe use of saleratus coitdemned. 
> BTB. Hot biscuits objectionable. 979. Desirability of good home-mudc bread. 
I. rnripe fruits should be avoided. 9S1. Thobusksof grecncom penuciouB. 
"SB!: CouclusiOQ. 



i or THE LSasom. 

LESSON LXVl.— Or UnacrLiR Fiubi, 

983. What la its condition in ihe loner onimaU: in HoUiisua. 9Si. 1 
kiitdi of fibre in Insectg and CroBUcea. eS5. To nbal organic Mnictures Ae 
elripcd and non-atriped Bbro beloags. 1 
emnite. 987. The subject continued. 
Tbc striped fibre preialent in the Articulnta. 
OtlL Bemoastralioii ia Blalla Auicricuu. S92. ' 
in the higlier animals seen bj unuBsiatcd Tinion. 
what appears. 96B. Structure of an ultimate bbre. 

LESSON LXVIL— McscDtiR Fien*. eosnspiti, . 

SSfl. The Bbra consiats of longitudltia] and transverse tines. WT. Uncer 
in irhat direction a miuule will split. 99S. The myolcninia. SBO. A iaS 
tissue: hov (o show it. 1000. The mjolcmma not perforated 1001. MuscnUr 
tluue Don-voBCuIar. 1002. Yet the niAManc« of mueclo ia extremalj vascular. 

1003. The Gbrea of animal Mo abuodontlj auppUetl with ncrvea: their fitiuaioo. 

1004. Deacription of them. 1006. Ultimate alniclurc of elriped muscle. 1006. 
How to prepare it. lOOT. What object-^losa ia necessHrf to show it. 1008. 
Appearance of the fibrillA. liXif. The Bircous element. 1010. A tvelfUi ob- 
ject-gloaa desirable. 1011. Built up of cells a double line should be Men. 
The sarcolemma. 1013. Resuoie. 

LESSON LXVXU.— CoBPOCur. Tcbcljb TisariB. MDacuLiit FiBBt, 

COBCLCDK. p, an.'" 

1014. Uuscularfibre compared withfresh-tratoriilgte. 1013, Demoiialratlon. 
1016. Characteristics of the olgn. 1017. The sporangia. lulS. Modcofprap- 
agation. Ifllo. The Calliihalmia Baileii. 1020. A bud of It. 10:J1. Marino 
alga, from Barbadoes. 10S2. Alga from Lake Michigan. lOiS. Its o«lla de- 
scribed. 1024. Comparison with muscular fibre. lOSS. The (apparcpti;) vege- 
table origin of muscular fibre. 1026. TUlimate clement of a muscle. 1027. 
Analogy with vogetatle ceils. 1028. Probable generative power of the sapcOBS 
element. 1029. Muscle in thin transverse section. 1030. Muscle of organlo 
life. 10S1. Description, 1032. Size of these fibres. 10S3. Arrangement of 
them. I0S4. The fibres of the heart. 103S. The charocleristics of the non- 
Blripcd fibre. 1936. Reagents necessary to show nuclei. 1037. The true struc- 
ture of muscular &bre lUscovercd bj Mr. Wm. Bowman. 

LESSON LXIX.— CoKPOOND TcBDLiii Tishdes, cosTimriD. The Nkb- 

a SvsTEX, p. SS3. 

1 of the classification of animals, bj Cuvicr. 10S9. 
His dissections of nervous Ej'Btoms, 1040. His adoption of external characters 
for the three lowest cksses. 1041. The divisions of the animal kingdom accord- 
ing to this author. 1043. Animals of the first clasa, 104S. The molluscous ani- 
mals. 1044. The Articulata. 1046. The Badinta. 104fl. Dr. Grant's syslem. 
1047. Dr. Grant's, compared with Curicr's svatcm. 1048. Reason for the new 
name proposed for the first class. 1040. Tlie like for the second and third 
chusc9. 1060. So for the fourth. 1061. Owen, as opposed to Grant. 1063. 
The Vcrlcbrato. 1053. Owen's name for it. 1064. Tbc like for Uollusca. 



.iBALTSIS OF TBE LESSONa. ZXT 

1056. Aod ArticnlsUu losa. Tha Rndtate Clue. 1067. H« endorees tlede- 
maitii. 1056. But diiidoB tbe clua. liiSQ. The lower wiimBto exlubit the 
eflectB of a nervous Bjatem. llJ60. It is presumed to exist. 

LSSSON LXS.— XisTocB Smni, ooaTi!iDED p. !£4. 

1061. The three first dnuea, well defined b; Oven; the last, doubtful. 
IOCS. Hunter's prcpu»liOD of Asterios papposs. )0S3. Tiedeiouui's Eohino. 
demata. 10M. His description of the Tuscular arslem, qnoted. 106S. Iden. 
til^ of the TucuUr and nerrous syitems. 1068. Cau«M that maj hare led to 
error. lOflT. The neceseities of a nerroua aystem. 1068. Does a nervous ej$- 
torn eikt nithout a ^n^honf 1069. A gsoglion deniiibed. 1070. How to 
defioe a nerve, or gaoglion. 1071. Flants exercise their fuDDtiona without o 
nervous •vHtem. 107 J. laquirics to commeoee with the Articulata. 

LBSSON LXXI. — Nervoub SyarKii ih tub AancruTi. EnroKOi — 

AniiELLin*, p. 33B. 

1073. NerrouB ajsiem imperfectly developed in the Eutoioa, 1074, Its 
oondition in Stnttggltu gig<a. 1U7B. And in the Ascsrides. 107C. The Annu- 
UUH present u marked advance. lOTT. Their organs of sense. 1078. A 
higher t;pe of developneot attuned. 1070. How it commenoee. 1080. Ner- 
voum s;alem in the Leech. 1081. Deaciiption continued. 10S3. And ton- 
eluded. 1083. Nervous system in the EarA-mnn. 1084. The Uko in the 
A'enit, 1086. Ganglia in finiee (n>|)ii'>(ea. 

LESSON LXXn.— Nebtoitb Ststeu or CinatPtDU akd Htkiopooi, . p. 2S9. 
1086. Tbe nervous system ^mplo in the Cirripedi. 1087. Its condition de- 
■cribedin Lfpaavitna. 1088. The MiBiomm described. lOSD. The condi- 
tion of their Dcrvoua system. 1000. The bnin of tulus described. lOBl. De- 
KriptioD continued. 1093. Continued. 1093. Continued. 1064. Concluded. 
1096. Nervous ajatem in Pats^ima tModiUa. 1086. Continued. 1097. The 
auBe in Scoliiptitdra. 1098. Nervous system In this class, contains the leading 
■Uvinona of the higher animals. 1099. Demonstration. 1100. Sympathetic 



LESSON LSXni NiRTors Stbiwc is CnrmAca*, p. 24i. 

1101. The nervous syslem posscssca great scope of development in this 
olAai. IIOS. General description of tbe brain. 1103. The Ganglia of tbe Ce- 
pbalo-thorai. 1104. Nervous system of the Sand-hopper. 1106. Deacription 
of it llOfl. Nervous system of the Cjnmrtoa. 1107. Nervous system in the 
Lobster and Cnf.fish. 1108. Nervous system moat concentrated in the Crabs. 
Description. 1109. Descriptioo coocluded. 

LBSSON LIHT.— Nkbtocs Svbtkm im Isskcts p. 244. 

1110. The nervous syBtera in insects. IIU. Ita condition in lurvni. 111!. 
HerroQs system of Cbaiu ligiuper^ Analogue of the brain and spnal chord. 
1118. Description of DerrouB sj^tem. 1114. Description continued. Ills. 



ASALTSIS OV TBS USSOITB. 

CoDlinued. Ulfl. ConcludEcl. 1117. The motor nerves fint d«icribed bj 
Ljonnet. 1118. Umulia polgphtmuj deecnbeii ^ iM agreement with insecU. 

LESSON LIXV.— Nkhtopb S»st<ic o» Insw^s, noidmoiD, .... p. S47. 
HIS. Segmented condition of the loirerArticubut. 1130. AtuUjrncof tbew 
HgmeaU. 1121. Fosiiion of the guigUt rcladielf to the eegmenw. IISS. Th* 
brain of s CaterintUr described. 11:18. The tccurrent (sjmpathetic) nerve. 
1121. Method of connecting tlic divided bruin. IISS. NeceiHty for the pccn- 
lidr position of eiicli portion of the bnin. 1136. Character of the nerves >ri«- 
ing from the inferior portion of the bruti. 113T. First thor&cie g&Df^On. 
tl38. Second uid third thoracic ganglions. II2S. The position of the arteriit, 
mianuned rtipaiuarn aenei, described. USD. The caudal ganglia. IlEl. 
Other reference to the brain of this caterpillar. 1132, CoDdition of the gangUa 
in the larval state of ineects. 1133. Their condition in the perfect insect. 
IIM. Description of the nervons system in Blalta Americana. 

LESSON LXXVL— Nervohb Ststem in Ariohkida p. 211. 

113S. Tbo class described — !ti position. 1136. In these animals the ner^ 
TouB syatem is concentrnted ; the heart and roBpiralorj organs better de- 
veloped. UBT. No metamorphosis. IISB. The cephalo-thorai. 1138, Nam. 
bcr of their legs. 1140. Number of legs in Crustacea. IHl. Uajority air 
breathing. 1142. The Miles. 114S. The Demodci folliculorum. 1144. The 
itch, and the mange — what causes them. 114fi, The Acona leabitii. I14H. 
Nature of the itch — who are affected by it. 114T. Nervous system in the 
Uiles, not linown; the nervous system in Scorpions. 1148. Description of it. 
1149. The same in Sfuden. 

LBSSON LXXVn.— Nkhtocs Etbtih in tbk UoLLrsci, p. ass. 

IIGO. Differs from the Arlicuiata. IISI. Nervous system unsymmBtrical. 
11S2. Its condition in Artie uintn. I1S3. The like id MuHubcb. 11S4. lu ad- 
vance of development in Insects. 1166. Comparison with Moliuaca. IISB. 
Why BO called. 1167. Many of them headless. 1168. Tbi Tdbioat*— its 
nervous system. 1160. The Salpe. llfiO. General description. 1161. Salpa 
polycrattca. Its nervous system. 11S2. Is the Silpaa perfect animal? 

LESSON LXXVIII.— NiBVoDs St?iim in the Biucniopon^ ... p. 3M. 
1163, Brscbiopods : deSnitioD. Ilrt4. Terebratula Aostralis described. 
I16E. Itshabits. 1166. The mantle. 1167. The respiratory apparatus. 1188. 
Respiration: how performed. 116». The arms. 1170. Continued. 1171. The 
alimentary canal. 1173. The vascular system. 1173. The nervous lysUni. 
1174. The muscles. 1176. The pedicle. 1176. Bemarlu. 

LESSON LXXIX.— Nkbtocb Stsikji or rni: L«iiEi.LiBii,iNcnuTA, . . p. 269. 
1177. Nature of the shell of the Brachiopods. 1118. The lil;e in the Lamel- 
iibranchiata. 11T9. Their nervous system. 1180. The branchial ganglioti. 
IISI. The nervouB Bystem in Mgiiliu edulit described. 1182. The ganglionic 
centres. 1168. Their mode of connection. 1134. The cephalic gangliouB. 



ASAI.TSIB OF THE l^BSSONS. XXVII 

I18S. The reBpintor; guiglioua. 118S. Tbe pallUI netrea. 11B7. The pom- 
ptUiil nervei. 118B. fienurks. 

LESSON LXXX. — Nestous Btbtrh in thi: GAtrtaoMD^, p. its 

use. The word cipluned. 1190. Tbeir aeiea. 1191. Their muscular Bys- 
tern. 1193. AggregBUon of tho nerroiu sjatem. DOS. The principal centres 
of Ifae nerroua ayatem. 1194. Tho ncrFOUs sjateia of Bmla lignana. II9G. la 
Iha CViHoru Mfdilimaua. 119S. Oreateat accumalitioQ of cerebral nervouR 
matter in Succmtm and Saijja. 1197. Nervous gj-etein or Harpa elongata. 
1198, BenuLTka. 



LESSON LXXXI.— Nkrtods Srsmi is Pterofoda and Cefhalofoda, p. 26B. 
II99. Origin of the name. 1!00. General particulars of the class. 1301. 
Their nerroua syateni. 1202. NerTous system of Clio banaiU. 1203. The Ck- 
PHALOFons the nearest to the Tcrlebrata. 1204. The nerFoua aretem of Nuutl- 
tns pompllius. 



LESSON LXXXn.— NiBvonB Ststih it 






ISOS. Preliminary remarks. 120S. The Derrooa syetem Id the long womi- 
Uke ^sbea. 1£0T. Analogoua to Ihe highest Tenobrata. ISOS. The brain does 
sot fin tbe cavity of the cranium. 1209. The spinal chord nearly equal in its 
derelopmenL ISIO. Its condition in Bays and llying-fishea. 

LESSON LXXXin.— NiRToca Srsrik in Fishes, conoi.cdkd, ... p. 270. 
t£ll. Ganglionic cnlargemenU of the spinal chord in the TVijria rnciiUiv. 
ISI2, Demoaatratiou of Ibem. 1213. The posterior extremity of the spinal 
chord eometimos enlar^d. 1S14. Tbree pairs of rounded lobes in the brain of 
Ihe Conger EeL 1310. Deacription of them. 1316. The optic lobes. 1217, 
The cerebral hemispheres. 1218. The olfactory taberclel. 1319. Sie of tlie 
optic lobes in Trigbt Igra. 1220. Developmoot of the oplic lobes. 1221. The 
■nedaUary walls. 1222. Comparison of the optic lobes of Fishes with human 
optic lobeg. 

LESSON LXXSIV.— NKBVOtrs Stbtkii in Riptiles, p. 271. 

1323. Preliminary observations. 1224. Concioued: concluded. 122fi. Ner- 

Tous system of the Tadpole : description continued. I32fl. Beacription con- 
cluded. 1227. Development of nervoufl system in the higher amphibia com- 
pared with the human embryo. 1228. Nervous system of adult Frog, and Ita 
developing condition. 1229. The Reptile brain, and tbe brun of Flabea, con- 



LESSON LXXXV.— Nertoos System a the Birds, p. 27JI. 

ISSO. Condition of the brun in the olaas, 1231. The Cerebellum. 1232. 
Tha optic ganglia. 1333. The Cerebral hemispheres. 1334. The connection 
of Birds and RepUloa in the Old World. 1235. The brain of the Chick, afler 



zzTiii ADiL-ras or TBS snsom. 

two iayi of incubation. 1S3S. The brain of the iduit Slork ileaeiibMl 
DcBcripiion coDtinued. 1238. Conciuded. laSB. TUo br»in of tl 
1240. Concloding renukg. 

LSSSOX LXXXTL—Nertodb St^tbu in Huuaui uid Hui, . . 

IMl. Condition or the nervoua system in tlie toncst auiDi&lf. 1243. In 
progrcsaivo drvolopment, 124S. Its coodition in the JoKcat arliculsta. IS44. 
KervoiM ijslem in the Lceth. 1245, The brain increaaea in siie, proportioD- 
ably with tbo increase of organs of apocial eeasc. 1246. The nerrons syttotn in 
■he tiiralve-mollusca considered. 124T. Their brain ciamined. 124B. Higher 
condition of the brain in the Teslnceous mollusoa. 1S49. Transition to the 
f^es. 12S0. The higher Fishes rud the amphibious Replies considered. 
1261. Ascent to the Hammulio. 1°S2. The function of eommunret. 1203. 
AnrUyds of the brain in the lover sjumals. 1264. Derelopmenl of the Cerebro- 
spinal axis of man. 13S5. Coutiuucd. 12S6. Sul^eet cuntinucd. 12ST. Dc- 
inonstrstEiI. I2SB. The demonstnition cuntinucd. I2GU. And conda4 
conunentHTj. 

LESSON LXXXrn.— KMvors Ststm of MiMmLn asd Man. 



1200. CompairatiTe size of tha human spbal chord. 1261. Tlic medulla 
oblongata. 1S32. The micro9co[Hcal characteristics of nerte. 1263. Tbestrnc- 
ture of » nerve. 1264. The "nerve fibres." 1266. Their eomposition, 1289. 
The whico BobaCance. 1267. It easily dissolrea. 126S. The Biis.cyltDder. 
1269. Demonstration of it and the while eabitiuice. 1270. Axis-cylinder oon- 
tu[iing irhite substance. 1271. Tubes of the median nerre (hamiin) demon- 
strated. 1373. The synipathelio nerre described. 127!!. And denionslrated. 
1274. The structure of ganglions. 12TB. Ganglion corpuBclea not confined to 
ganglia. 1276. 8tnicluro of nervous matter in iho animal kingdom. 1277. 
Ganghon of the Cockroach. 

LES.SON LXXXVm,— Nkbtoub Btbtim in Hahmalia ahd Had, 



127B. Vtucularits »/ nma. 1279. Nervea aecompuiy arteries and velna. 
1280. Character of the blood-vesaela of nerves. 1281. Denloiistraliou of them. 
1282. Nerve from human pericardium. 128S. Blood-vessels of gnugUoos de~ 
monstrated. 1284. Their pecuhorlty. 128S. Condading remarks. 

LSSSON I.XSXIS.— Oboaiib or Spifiai Sensc— Tr( Eve, .... p. 287. 
1286. Introduction. 1287. The eye an optical instrument : demanstration. 
1288. Requirements of a vijnial organ. 128S. Proof of the slntement offered. 
1280. Animals desUtoto of vision, who sock or shun Ibo light. 1291. The 
effect of light npoD plants. 1203. Red spots in animals descnbcd as eyes. 
1203. Their real nature. ISM. Fallacy of this doctrine. 12%. It is doubtftd if 
the Radlata possess eyes. 1SBI1. But they exist in Articulata — in Epiioa gen- 
erallf : in Orripeds not at nil. 



AKA1,TSIS OF THE LESSOSB. 



TA, Ci 



,, Mtrupods, 



IseT. Ejes atwa^a found in the AnnuilaiL isns. The number of tbem in 
the moilicinal Leech. Ii99. In Ihe hlgbrr fonue of wonns reduced to ivo. 
1800. In the higher forma of CRirsMOEjk the eyes ore peduDDUlnled. lilul. PUn 
of tbslr construction. ISOIi. The cjcsof the Mybufoub deKiilied. 1S03. The 
eytaot Iksictb. t!!D4. The conipouud eye. 130G. Eyes for short virion. 
1306. Bjes ndipCed for longer vision. 1301. Bees hste Telescopic virion- 
1308. Description of it. 1309. IKsagroeiDent ofsQlbors in regard to the Btruc- 
lure of the eye in Insecta. 1310. Structure according to Straus-Durelcheiin. 
1311. The opinions of Harcel de Serrea. 1312. Hnller's opinions, 1313. Ho 
discovered a orystalline lens. ISll. The conical lanacfl according to Straua and 
Mailer. I31E. DemonstraUon of these views. 



). 291. 



LES80K XCI.— Thk sn m Inbidts, 

1816. TheButu'ectnoteihauBtodbyMiHler. 1317. Another account, 1318. 
The conical bodies. 1819. Their color, isau. Tltey are supposed to represent 
ihe vitreom humor. ISil. Their figure. 1822. Disposition of the opiic fila- 
ments. 1328. The fllaments posaess an axis-cylinder. 1324. The oones in a. 
Calsr[ullar. ISSG. The method of connecting the eyes with the bnia demon- 
atniled. 132S. The inferior portion of tho brain in Blatta Americana. 1327. 
The fatty layer in Hnsca csmario. 1328. The action of this form of eye. 1329. 
Necessity for this form of visual organ. 1330. Enomemtion of (ho facetted 
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VEGETABLE PHYSIOLOGY. 



LESSON I. 

INTBODUCnON. 



1. Physiology, or the scienoe which teaches the functions of all 
the different parts or organs of animals and plants; or the offices 
which they perform in the economy of the indiyidual ; or, in other 
words, the science of life, is daily esteemed of greater importance. 

2. Physiology, as now understood, has become quite a modem 
science, and one that owes its great advancement and chief excel- 
lence to the Microscope alone. 

3. Without its invaluable aid, our notions and opinions would be 
as crude, unsatisfactory, and erroneous, as were those of our fore- 
fathers. Before its mighty presence every fragment of a tissue is 
bound to succumb ; it has no preconceived theory to support ; it is 
called upon to do but one thing to assist us in our researches, and 
nobly it does it ! — it tells the truths whereby the laws of physiologi- 
cal science are rendered as certain as a problem in Mathematics. 

4. The Microscope has originated a new science — Histology — 
from two Greek words, which signify a " discourse on tissues ; " now 
what is a tissue ? Webster's definition is as follows : '^ in anato- 
my^ texture or organization of parts. The peculiar, intimate struc- 
ture of a part is called its tisstte. A part of a fibrous structure is 
called a Jibrotis tissue. The organs of the body are made up of 
simpler elements, some generally diffused through the body, and 
others peculiar to particular organs. These simpler structures are 
called the tissues of the body ; as, the cellular tissue^ the mucous 
iisstiey &<i,^^ 

1 
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5. Since the inyention and constitution of Histology, as a sci- 
encsj Physiology has made enonnous strides. 

6. A knowledge of the intimate stmctore of the tissaes, as well 
of vegetables as of animals, has been of the greatest value to the 
physiologist Had the important theory of development by cells 
not been discovered by Schawn and Sohleiden in plants, the like 
processes had remained unknown as the true principle of develop- 
ment of the inferior animals, of the development of the Ovum in 
the higher mammalia, and as the plan by which the human fiunily is 
continued. 

7. There can be no accurate knowledge of Physiology, save that 
which is based upon an intimate acquaintance with the ultimate mi- 
croscopical structure of all tissues; this cannot be learned from 
books, at the present time, simply because no sufficiently illustrated 
and voluminous work on this subject has yet been published ; under 
the best circumstances, it appears to be most desirable to learn by the 
actual examination of the structures themselves. 

8. It is quite true that it requires a lifetime to acquire the skill 
to prepare such illustrations, but the devotion necessary to become 
accomplished as a physiologist, is certainly not greater than the re- 
quirements of Chemistry, Botany, or any other science, or greater 
than is necessary to qualify a man for the legal or other learned pro- 
fessions. 

9. The simple cellular plants offer illustrations of the lowest or- 
ganized forms we are acquainted with. In them we find that a sin- 
gle cell constitutes the entire plant. 

10. This cell is produced from its germ, assimilates nutriment, 
converts a portion of it into the substance of its own cell-wall, se- 
cretes a nucleus within its cavity, and ultimately produces a repro- 
ductive germ, that is to continue the race. 

11. When its own term of life is completed, it bursts, and liber- 
ates the reproductive germs contained in its interior, and sets them 
free, each being capable of going through the like series of /)pera- 
tions ; or the cell wall is absorbed, thus freeing the germ. 

12. These facts are illustrated by the accompanying figures of 
Vcivox globator, described by Professor Ehrenberg, as an aninudy 
but which has long been known as a simple fresh water alga. A 
perfect figure of this beautiful organism is shown at Fig. 1. 

13. The Yolvooes are only to be found in stagnant pools of clear, 
pellucid water ; placed under the field of a Microscope, they present 
a very charming sight. In form a perfect sphere, the membrane con- 
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Gtitnting the outer wall, or mtegument, ns transparent an glass, its 
surface covered with minute green dots (b), with several spheres of 
variable siie, and mach darker green contained within it (a), con- 
tribate to form an ohjoot of unequalled _ . 

beauty I 

14. Neither ia this all; those per- 
sons who see it for the first time, wiU 
be surprised to find that it (a plant) is 
loeomotivt. 

15. It will constantly be seen roll- 
ing to anif fro, with a remarkably 
Bteady, equable motion ; no obstiiele 
retards it — nothing accelerates its 
speed : frequently it occurs that two of 
them are seen approaching each other 
in opposite directions ; collision appears 
to be imminent, but just at the instant of anticipated conflict, one 
turns off to the right, and the other to the left, and each pursues 
its way. 

16. The locomotive organs are not easily seen, even by the Mi- 
croscope — two easentiab are neoessary ; firstly, an oioellent fourth 
achromatic object glass,* and, secondly, oarc^l and judicious man- 
agement of the light. These conditions being established, a number 
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of delicate, bairlike prooessea, in conataot vibrstion, ' 

against ike light, sarrouiidiQg the oatcr margin of the { 

once clearly seen, they will readily be diaoovered, arising from ilu 

minuU dots which cover the eitenisl enrface (J). By thoir inonsBanl 

ribratile aetion, the rolling motion results, for which these plants are 

remarkable. 

IT. Thcec organs are called eilia, (ram the Latin word eilium, an 
eye-laab, whieh they are eupposed most nearly to resemble ; and, from 
their action, vibratile cilia. These plants are large enough to bo 
Been, irhea held against the light, by good, imaaeiated viaioa. 
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INTBODUOTION, CONTINnE!). 

18. Not only are the perfect forms, or parent plants, 
incessant motion, but the large green masses [a), so couspii 
in the interior, are also in constant rotation, until, when they 
become mature, they desire to effect their liberation and 
an independent existence ; at this period they will be seen to have 
_ - numerous small, immature genua 

their interior, also in motion. 

19. The mode by which thf 
cape is by the rupture of the 
cell (Fig. 2) ; here a decided bl 
the cell-nail is seen, and one of 
germs, covered with vibratile aili%' 
just effected its liberation, to be 
ily followed by the remainde; 

20. The higher forma of 
life are only distinguishable trota 
lower forms by the midUpiii 
similar cells, so that by the ooi 

rent labors of all, a more completjj and lasting effect may be 
duced. 

21. The analysis of even the mighty monarcli of the forefrt, s 
that all the soft sod growing parts are composed of similar cells ; ' 
Amotion is to absorb and prepare the nutriment, which is 
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to be applied to the extension of the solid Internal skeleton of tlie 
trunk and br&nohes. 

32. At the extremities of tke roots of all the more perfect pkots, 
ne fiud a set of eoft cells, making up thoae sucouteut bodies whtcb 
nro known as the apongioies / these are specially destined to perform 
the aitorption of natritious fluid. 

23. This fluid, being conveyed by the vessels of the stem and 
branches to the leures, is here subjected to the action of the cells 
which make up the puenchyma (pulp) of these organs. 

24. The crude, watery, ascending sap, is thus converted, by a va- 
riety of chemical and vital operationa, into the thick, glutinous 
latex ; which, like the blood of animals, contains the materials for 
the production of new tissne, and also the elements of the various 
eecretionn. 

25. This process of conversion includes the exhalation of super- 
fluous lit(uid, aud also that interchange of gaseous ingredients between 
the sap and the air, which may be termed aeration; but it involves, 
besides these obvious chemical alterations, a new arrangement of the 
particles of the sap, by which a variety of new products are generat- 
ed, some of them possessing a tendency to pass into the form of solid 
organited tissue, by a process of coagulation, when withdrawn from 
the living vessels. To this peculiar converting process, which is such 
an important step towards the production of perfect living tissue firam 
the crude aliments, the term Assimilation is applied. 

26. AssrinLATioN, therefore, is the peculiar process by which for- 
eign substance is converted into the likeness of the tndividuaL Thus 
the food assimilated by a plant, becomes idantieal vrith itself ; and 
on the same principle, Man, in common with other animals, assimi- 

, lutes or converts his and their food. As the elaborated sap descends 
a its proper vessels through the stem, it yields up to the growing 

I parts the nutrient materials they respectively require. Those grow- 
ing parts may be the ordinary tissues, of which the chief part of the 
fabric is composed, and which are destined to a comparative perma- 
nency of duration ; and in the growth and extension of these, the 
process of Nutrition is commonly regarded as consisting. 

27. By NcTRiTioN is meant the food which promotes the growth 
of plants, and promotes the growth and repairs the waste in animals. 
On the other hand, certain groupa of cells have for their office the 
separation of peculiar products from the sap, such as oil (fixed or 
essential], starch, resin, &c., which they store up against the time 

I when they may be demanded : these cells are said to perform the act 
[ of Secretion, 
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28, SecRCTioN, in plantB, cooBiBts in tie prooesH of separating 
from the sap materials differing from itself. This function is dele- 
gated to e»lU, in the Vcgetablo Kingdom, but the aUied function in 
the Animal Kingdom is performed b; glands- In them resides the 
power of secerning or secreting from the blood, auhatanoea e 
different from it, or any of ita conatitoents, aa bilt, saliva, i 
cus, &o. 

29. It is very important to remark in regard to all tiie cella • 
actively concerned in the Vegetative Amctions in plants, by whioh 
tlie development and estension of the permanent fabric ia provided 
for, that they have but a very transitory life as individuals. 

30- The Absorbent cells at the extremities of the rootlets are 
continually being renewed ; Bome of the old ones dying and decaying 
away, whilst others ore converted into the solid texture of the root, 
and thus contribute to its progressive elongation- 

31. In the process of Abboeptios, another broad diBtinction 
ocenrs between Plants and Animals. In the former kingdom, this, 
like alt other vegetative functiona, is performed by cells; but in the 
Animal Kingdom the imbibition, or absorption, is performed by 
special vessels, as the laeteals (laeta, milk,] and lymphatics. 

32. Of the transitory duration of the Assimilating cells, we have 
an obvious proof in the faU of the leaf; which takes place at inter- 
vals, to be followed by the production of a new set of cells, having 
similar functions. 

S3. The fall of the leaf results merely from the death and decay 
of its tissue ; as is evident from the fact, that, for some time pre- 
riously, its regular functions cease, and that, instead of appropriating 
earbon from the atmosphere, there is a liberation of carbonic actd (a 
result of their decomposition) in large amount. Thus, the process 
takes place in evergreens equally with deciduous (falling off) planta; 
the only difference being, that the leaves in the latter are all cast off 
and renewed together, whilst in the former they are oontlnually being 
shed and replaced, a few at a time. 

34. The Secretijtg cells have usually a like transitory duration ; 
being destined to give up their contents by tho rupture or liquefac- 
tion of their walls, whenever called npon to do so, by the demand 
set up in the growing parts of their neighborhood, for the peculiar 
products they have Bet apart. 

35. Not only are the proper organic functions of all Plants thus 
dependent upon the agency of cells, but their Reproduction is 
likewise. 
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LESSON III. 

ISTBODirOTION CONCLUDED. 

36. RspRODUCTios, to renew that which baa been destroye 
Trees are Teprodiuxd by new shoots from lie roots, or from cuttings 
ur aiips. Some aniinals, as the Lobster, Cnib, &o., poBBcas the power 
of reproducing, or generating lost parts. In the lowest tribes of the 
Cryptogamia, where each cell Is an independent indiyidual, ererj 
one has the power of preparing within tteelf the reproductive germe, 
from which Dew gcnerationa niuy arise. 

37. The Germ is the origin, or firet principle ; that from which 
any thing springs. In botany it is the ovary or seed-bud of a plant, 
the rudiraent of iruit yet m embryo. la the higher plants wo find a 
ooraplex apparatus superadded for the purpose of aiding the early 
development of these germs, by supplying them with nutriment pre- 
viously elaborated by the parent ; yet still this operation is of a 
purely aeeesaory kind, and the essential part of the process remains 
the same. 

38. Now we sbaJl find that although the fabric of Animals 
appears to be formed on a plan entirely different from that of Plante, 
and although the objccta to be attained are so dissimilar, there is 
rauch greater accordance amongst their elementary parts, than might 
have been anticipated. 

39. The atjirting point of both is the same ; for the embryo of 
the Animal, up to a certain grade of its development, coaaiata, like 
that of a Plant, of nothing else than an aggregation of cells. 

40. The lowest class of animals, the Microscopical Animalculo, 
or the invisible inhabitants of stagnant water, appear to he identical 
with the simple cellular plants, already referred to ( Volvox globaior). 
The bodies of these creatures are singularly elastic, and remarkable 
for their transparency. The whole of this class (animalcules) are 
locomotive in a high degree, and by the means of similar organs — 
vibratile cilia. Unlike the uniform progression of the plant, these 
oreatnreB exhibit the most astonishing irrituhility. 

41. Whilst swimming along at a rapid rate of speed, pursuing 
their prey, a portion of vegetable matter or some extraneous au]> 
stance will arrest their career ; suddenly, they throw out the water 
with which their interior was distended, and iLHtantly contract to such 
a speck aa to become perfectly invisible. 
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42. Every thing remaining atil! and qaiet, thoy re-fill ilioir 
bodies with water, the ftbratile organs again appear, motion is i 
sonied, and off they go. 

43. During the time they remain pagaive, which o^en c 
they can bo examined with great ease ; it will then uppear that d 
body contains a variable number of distinct globnhir partiol« 
which Khrenberg asorlbee the fnnotion of gastric cavities ^ 
stomachs. 

44. According to the sanje authority, many of these creatU 
pOBsesB not less than three hundred of thi>se cells, or stomachs. 

45. Now, the probability is, judging especially from tb 
furnished by the vegetable kingdom, that these spots are only nut 
or immature germ spots, waiting the period for their full devoid^ 
nient, and the mode by which these creatures propagate, appears I 
confirm Uiis opinion. 

40. The Enchdia -pupa, a beautiful flask-shaped &nimnlcalo,J 
one of those animals that should greatly assist our inquiries. WU 
fully extended, and active, the creature prescata a row of vibra 
oilia (a Fig. 3), surrounding the oral (month) apertnre (6), whilst ti 
spots, or nutrimental sacs of Ehrenberg, are referred to at C. 




If a specimen be followed by the stage adjustments of the mi- 
croscope, a slight notch or constriction will appear {Pig. 4, a) Bur- 
rounding its body as if a fine thread were tied around it. 

47, This constriction will rapidly increase (Fig. 5), and by 
this time a series of vibratilo organs will be developed at the 
other extremity of the body. The incessant vibration o 
causes a vortes in the watir, by means of which particles of mutW 
as well smaller animalcules, as extraneous substances, ore driveaf 
the creature's mouth : if proper food, it is immediately swallov 
but if it coosist of deleterious matter, the mouth is instantly o~ 
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the ciiia are either qniet, or entirely disappear, and the animal nioBt 
freqneotly rosbeti &Dia the spot 

48. At the time that cilia appear at each extremity of the \iody 
(Fig. 6), iteo mouths are formed^ and the animal 

paraues its prey, and receires food at toth. But 
etill the constrictioa oontinnea to advance, until the 
body is nearly out in twain — the two portions being i 
joined by the merest pedicle (Fig. 6) ; presently this 
becoraes ab3Drt)ed, and the two bodiea, thus evolved I 
by Bpoutancous scission, swim off in contrary direc- 
tions, never again to meet in this world ! 

49. Each half of the body, thus divided, is 
equally ymuig, and rapidly attains maturity, which t)c<e 
is DO sooner accomplished, than the same process i 
repeated, and this continues without intermission in the Enohelis (and 
allied animals), throughout the summer aud autumnal months, until, 
at the approaoh of winter, other modes of coutinuanoc of the species 
are resorted to. 

50. Throughout these changes, however, it will be seen, that a 
fair distribution is made of the germ cells (if such they hv) ; one 
half of the divided body may have a few nioro of them than the 
otoer, but they visibly increase iu both immediately, and continue so 
to do till the time arrives for self-division. 

51. A mode of reproduction in the lower plants, is identical, in 
every respect, to the spontaneous division of the body in the lower 
animala. 

52. A species of Conferva, commonly called "Frog's spittle," 
and erroneously supposed to be the ova of that animal, baa been 
watched, and carefiilly traced through corresponding developments. 

63. When the plant is first collected, it may consist of a long 
chain of distinct cells (Fig. 7), each having a septum, or parti- 
tion, at either extremity which separates it from the cell above, 
and below (a, h) ; in the centre is a mass of endochrome (internal 
green), or cklorophylle (green of a leaf), possessing a number of nu- 
cleated spots (c). 

54. In a few days the cell would be seen to elongate considerably 
(Fig. 8), and the mass of endochrome diffuse itself confusedly, with- 
in the cell, till eventually it assumes the form of a beautiful double 
spiral coil (a), the nuclei being greatly decreased ia size. 

fi5. Presently, another phase presents itself; the «n becomes 
sUU more elongated, aud narrower (Fig. 9), the mass of endoohrome 
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suddenly controcta in bulk, and seeks the centre of the cell, then it 
gpantaiuousli/ divides {a, a), at the same time a de!i«ate line is i ~ 
aa it vcre, across the cell — dividiug it into two — immediately beo^ 
the divided endooLrome (6). 

56. Sulwequently, the divided endochrome seeka the oentn^ 
each coll, the gpiral coil is brokea up, and the entire maaa assumes 
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the solid cylindrical form which cbaractoriEed the first fig;ure of thig 
series ; the cella become well formed, and grow correspondingly with 
the increased size of the endoahroinc, and especially of its nuclei — 
the whole cell, in fact, is preparing to go through the like series of 
oonsecutiTe changes, in which it originated. 

f>7. Again, as regards the vegetative type of the original oon- 
etitution of animal tisanes, we find among the lowest tribes of 
animals, aa well as umoDg certain of the highest tiibes that retain 
many embryonic peculiaritiea, even in the adult condition, a great 
proportion of the complete fabric to be possessed of a distinct vege- 
tative origin. In most of the higher animals, however, a large pro- 
portion of the atructure conaiata of tiasues in which no distinct trace 
of a cellular origin appears to be apparent ; and it has been only 
aince improved ntothoda of observation have been brought to bear 
upon their analyaia, and more especially sinoe they have been exam- 
ined not only iu their complete state, but in the courae of their de- 
Tolopment, that they have been reduced to the same category n 
the tissoea of planta, and of the lower animala. 
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58. Other tissues, which are peculiar to animals, cannot be re- 
ferred to the same origin ; but, these \«'il] be found to hare a grade 
of organization even lower than that of simple isolated cells, and to 
be leferrible to the eolidification of the plastic or organizable fluid 
prepared by the assimilating coils, aud set free by their rupture. 

5Q. We shall find, however, that (aa in plants) all the tossues 
most actively concerned in the vital operations, retain their original 
cellular form ; and it will be easy to refer to distinct groups of cells 
in the bodies of animals, not merely for the performauoe of the func- 
tions of Absorption, AeHimilation, Respiration, Secretion, and Re- 
prodnolion, which are common to them with plants, but also those of 
Muscular contraction, and NervouB action, which they alone per- 
form. 



LESSON IV. 

ON TEE STE'JCTCKE OF VEGETABLE TISSUEB. 

6(1. All the tissues of plants are remarkable for their simplicity 
of structure, as compared with the tissues of animals, 

61. Id their earliest and simplet^t condition, plants are found lo 
consist of a series of minute vesicles, composed of a membrane called 



62. It is also known as simple membrane, and possesses char- 
acteristics which distinguish it from all other tissues, that is to say ; 
it b elastic, iran^arent, easily pemnable by fluids, and ttrueturelesa. 

63. It constitutes the basis of all vegetable tissues, and it is uiii- 
Torsally present With regard to its chemical characters it appears 
to be closely allied to starch ; treatod with sulphuric acid, it turus 
yellow ; when, if subjected to the action of tincture of iodine, a beau- 
tiful purple color results, indicating the iodide of starch. 

64. As the higher plants advance in growth, they are found to 
consist of two kinds of tissue — cellular and vascular, and these art! 
variously modified to form the elementary organs. 

65. By their union, the elementary tissues form the compound 
organs, by which the several functions of plants arc carried on. 



66. By the conjunction of a series of minute veaides, uirieles, 
or cells, this tissue is formed. They appear to be perfectly apheiioal 
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when first developed, Iiut the elasticity of the membrane compt 
their oell-wall, readily yields to the prcsaurc of Burrnunding I 
cells, by ivliich ihey nssume an cgg-abnpe or doHgaied form ^ 
10); they are often any u^ar (Fig. 11), or ei'eu polyhedral (4 
sides) (Fig. 12). 




67. Again, tho lize of 00118 is fimnd to be as variable as their 
figure, io different plants, and in different parte of the same plant 

Br. Hook counted wore than a thousand in a line, an inch long, 
in Cork ! 

68. Notwith standi Dg each cell originally consists of a separate 
membrane, the walls of contiguous oolla may become united in tlw 
progress of growtii. 

69. When cells are united at their ostremities, it frequently i 
pens that the walls, which form the point of junction, beooma<fl 
sorbed, and thus a tube is formed. 

70. The simplest kinds of plants, as Sea-weeds, are called 
icfs, being entirely composed of cellular tissue; bo too the J 
parts of fruits and vegetables, and it is the great object of Hort 
tnre to extend, aa far as possible, the production of this tissue. 

71. The pith of trees and plants ia cellular; and luch ii 
Btrnotnre of cotton and rice-paper. 

72. Colls generally transmit fluids through the parietea 0; 
celt-wall, to which rule some mosses and other jilanta offer except 
in them, minute apertures, or holes, are found in tlie cells — in « 
gle cell of a £upkorbiaceoua plant, aa many as forty-five opt 
have been counted. 

73. Another form of cell is known aa the porous cell, ii 
the membrane has been thickened at certain parts, leaving thin n 
gfoU, which, viewed by tranamitted light,* appear like holes (^e ] 

> Tbin UD two laoAct at UlumlMUng ottlecU Hen bj- tlic mk^nmcopo ; oe 
1l«hl upon tho oltlHl— this li mlM cJir«4 light. Tb« utlier plia conslsti Id 
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13), of which the accQinpanyiDg figure of 
tho pith of Elder afforda a good examplu. 
Authors hare figured this tissue as if com- 
posed of many sides (polyhedral), but this I 
appears to have arisen from the section being I 
too thick; the tissue is a siiignlarly transpa- 
rent one, and if three or four layers of celts I 
1>e present, the outlines of the cell walls run ' 
together in such mamier as to create great 
DonfusicHi; this is shown in Fig. 14; hot il 
elude iQoro thim ttoo layers (Fig. 13), it will be seen that one layer 
is simply aside of the other 

T4. But to return to Cells ; we have seen that the envelopes, or 
outer walls of these, are composed of Cellitlose ; generally, they are 
found to possess oontento of some kind. The Cellulose itself is 
■ composed of sugar, gum, or vegetuhlf jelly, which offers another form 
of it« chemistry, and while all plants are made up of similar cell^, the 
chief difference amongst them consistein the different ybrm of the cells. 

75. It frequently happens that only a nucleus is found ; this 
differs materially in size and color ; thus in tho fruit of a ripe Clierry 
{Fii:. lb), we have a series of celis widely differing in size, each cou- 



f the section do not ii 





taiuing a largo, fleshy, brown ish-oolo red nucleus (a), tho size of which 
Hpproxiinates to tho dimensions of the cell containing it. Its surface 
is seen to he covered with a series of minute spots, of greater inten- 
sity of color — the nucleoli, or smaller nuclei. 

<6. Other cells ore formed for the reception of special contents, 
which, as will be hereafter seen, are extremely various. 

77. At the head of (his list, however, /ecu iu, or starch, in rela- 
tion to human necessities, is most conspicuous; almost tioo-thirtie 
of the human family being nourished exclusively upon Starch. 



78. This very valuable product constitutea an impDrt&Dt el»- 
raent of all the ooreal (edible, a» wheat, etc.) grains; it forms { 
natritive principle of the leguminooB plants {Peas, Btans), a 
more or less actively diatrihuted throughout the vegetable kinj^ ._ 
It occnra in every plant, and it is found in every part ; it will o 
fay the cost of soparatiou, howoTer, when found in the root, iubort, 
»aeda,fruit3, and (more easily, as in the Sago Palm) ihe^i^ 





79. The Potato (Fig. 16) is found to eonsiat of colls of i 
sae, formed of cellulose, and Ulled with rorpuaulcs of starch 
too, vary remarkably, some being very large, others minute, and 
remainder of intermediate tnie, m that every cell may be yut(c, 

SO. Examined by the Microscope, a corpuscle of starch (I^'ig- IT) 
is a very interesting and beatjtiful object; each corpuscle possesses 
eomcwhero, but its situatioa is uncertain, a circular spot called the 
hUum; this is (erroneously) supposed to be its point of attachment 
to the cell-wall. Around the hilum, a number of extremely delicate, 
transparent, concentric rings are aeon. 

81. The observer will, however, sometimes look for these oharnc- 
teristics in vain — not a single corpuscle of the veritable tissue is 
fonnd to display them ! The secret is that the hilum and concentric 
lines are placed only on one side, and the oth«r side ohancee to be 
uppermost 

82. The largest known corpuscles of starch in the vegetable 
kingdom are found in Canna cocdnea, or Toua lea mois (Fig. IS), ft 
plant extensively cultivated in the South of France ; the peonliftr 
French name signifies " every month," and is given to the plant from 
the circamstsnce of its flowering monthly ; here the hilum and 
centric lines are distinctly seen. 
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83. There are no two forms or species of starch precinly alike, 
and the points of difference, although frequently minute, become 
oharacteriatio ; thus it will be seen that the starch of Indian corn 
(Fig. 19) differs materially from the forms yet presented. 

84. The starch of Wheal (Fig. 20) offers another Tariety; here 
the corpuscle is nearly round, the hilum always in the centre, and 
nnly one ring Eurroonding it. 

S5. We have esamined the larijest form of starch (Tons les mois) ; 
we will now conrider the smallest. Rice. The starch of this plant 
(Fig. 21) is remarkable no less for the great irregularity of its form 
than for its minutcnesa. The question has yet to be determined 
whether or Dot starch be more or less nutritive in proportion to its 




tdsEe ; should it eventually bo settled in the affirmative. Tons les mots 
will uadoabtedly take the first rank in the category, and Bice the 
last; the Potato, and the contents of the leguminossa (peas, beans), 
together with the Cereal grains, will then hold an intermediate place. 
The Tons les mole is such a raluabLe form of* starch, that it is mueh 
to be regretted ita eultivation has not been attempted in this country. 

Now that wo hare a " Model Farm " in our midst, it is to be 
hoped the attempt to raise it will be speedily made, and the results 
made known, for the good of the community. There appears to be 
no sufficient reason why the experiment should not be eminently suo' 
oeasfiil. 

86. Starch is laid up by the plants forming it, as a store of nour- 
ishment upon which they can draw for their subsistenoe in a season 
of need ; hence, the quantity jieldqjl differs in tho same plant at dif- 
ferent periods of its growth. Thus, starch abounds in tlie potato 
towards the latter part of the season, but it decreases in Spring, be- 
cause of the germination of the tubers, which at such a tune re- 
quire to appropriate it. 
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THE SUBJECT OF BTABCH CONCLUDED.-OtTMB AND SCOARa 

87. It was found b; experimetit that 240 Ibe. of potatoes left in 
the grouod, oonUined of staroh : 



" Stptoiiibor.. 
- Hat*mb«r... 
• lUr..'.'."'.'-'. 



88. Tho qiWDtity of starch remained the same during tho dor- 
mant slate in Wiuter, but decreased as soon as the plant began 10 
grow, and to reqaire a eopplj of nutriment. 

89. Starch exists in roots, stems, tho receptacles of flowen, and 
in pulpy &uit8. The stem of the lago palm, the receptacle of the 
artichoke, and the pulp of the apple, are sitaatious in which stwoh is 

90. Instances are not wanting in which starch, used for human 
food, is found associated with tho deaiHieit pmson ; thus in Jatropha 
tnanihot, a euphorbiaceous plant, the Indians, while engaged in ob- 
taining the iapioea of commerce, or cassara-metil, dip their arrow- 
heads in the 6uid that exudes, to the intent that tbey may be thereby 
poisoned. A more &tal poison is not kuown than the deadly uiilk of 
this ouphurbiaceaii ! . 

91. Amongst the Cereals none nre more valued for nutrient qual- 




ity than tekeat; this appears to arise from another element aban. 
dantly found associated with etarchin this graiu, via., y/Mtew. A por- 
tion of a grain of wheat, highly magnified (Fig. 22), displays the 
pericarp (a), abowing a number of vessels cut tbrou^ ; the c^ 
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perm {i), an intermediate layer (c), the gluten cells (rf), ud the starch 
cells (o). 

92. It ia well known that rice contains very little nutriment, 
yet a wild species, found abundantly in Wisconsin, and known as 
mountain rice, appears to offer an exception to this rule. In a highly 
maguiHed view of a section of Oryzopsia asperifMa, or mountain 
riee (Fig. '23), we see the pericarp (a), of great subatance, and filled 
(apparently) with bordered pores. To this succeeds {b) the episperm, 
followed by an intermediate l.iyer (c), and beneath this layer the 
gluten cells (d), as in the Triticum (wheat). Lastly, we find the 
cells (r) oontaining the minute corpuscles of starch. 

93. In addition to the microscopical test for starch (bilum and 
coDcentrio rings), there is a simple chemical teat of much impor- 
tanoe, i. e., the Tincture of Iodine ; this re-agent baa been briefly al- 
luded to above 

94. If a tissue suspected to contain starch be treated with a mi- 
nute quantity (the less the better] of this fluid, and itarch be present, 
a beautiful pnrple color is the immediate result ; by this simple pro- 
cess a new combination is formed — the iodide of starch. Tincture 
of iodine fails to produce a similar elFect upon any other known veg- 
etable tissue, and hence it may be regarded as au uniiiiling test of the 
presence of Fecula. 

85. By the action of malt, or of sulphuric acid, or by long boil- 
ing in water, a gummy matter is produced from starch called dextrin, 
or Boloble starch. This material is now abundantly used as a cheap 
atid efficacious form of gum for envelopes, postage stamps, &o. By 
many authors it is supposed that dextrin is formed of the substanee 
contained in the interior of the corpuscles; at all events, the forma- 
tion of dextrin is one of the first steps in the oourereioi) of starch 
int-o sugar. 

96. Gd» is a substance abundantly produced in the vegetable 
kingdom. It is found in many seeds, exudes from the stems and 
twigs of numerous trees, and is cuutained in liie juices of otherafrom 
which it does not exude. 

97. The different kinds of gum have been divided into those 
which are soluble in cold water (gum arable and mucilage), and those 
which only swell up into a gelatinous matter (tragaeanth, ccrasine, 
and peotine.) 

98. Gum arable, or gum Henegal, is produced by various speoies 
of acacia, chiefly natives of Arabia; hence its scientific name, gum 
acacia, or, on the other hand, its couunou name of gum arabio. 

2 
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From the bark of these trees it exudes as a thick jaioe, which sabse- 
quentlj concretes into tears, 

99. 6am arabic is combined with c^rosintf, in the gum of the 
cherry and plum. 

100. Mucilage is found in many of the mallow tribe, as tnarsh 
maUaWj and in linseed, 

101. Cbrasine is that part of the gmn of the cherry (oerant8}j 
plum, and almond trees which is insoluble in cold water. 

102. Pectins is a substance procured from pulpy fruits, as the 
pear and apple ; it forms a jelly with water, and when dried resem- 
bles gum, or isinglass. 

103. Sugar is a substance which exists in many plants ; they have 
been divided into those which undergo vinous fermentation, as cane, 
and grape sugar, and those which are not fermentesible, as mannite. 

104. Cane sugar comes from the sugar-cane (Saccharum officina" 
mm), beet-root {Beia mdgaris)^ sugar-maple {Acer scufcharinum)^ 
Chinese sugar-cane (Sorghum saiivum)^ and many other plant& 

105. Mannite is the chief ingredient of manna, which exudes 
from the Omu^s europcea and Omus rotundifdia; it is exported from 
Sicily and Calabria, under the name of flake manna. It is also 
found in mushrooms, celery, and many species of 8ea-weed& 
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OILS, WAX, OHLOBOPHYLLE, RE8IN0UB PEODUCrSy CAOUTOHOra 

106. Oil abounds to a great extent in the vegetable kingdom, 
and cells appear to be formed for its special reception ; it seems to 
hold the same relation to the vegetable that fat holds to the animal 
kingdom. 

107. This substance is chiefly met with in the seeds of plants ; it 
is highly nutritious (to the plant) y and appears to nourish the em- 
bryo, until organs are developed capable of obtaining sustenance from 
other sources. 

108. The oils found in plants are either flawed or essential. The 
former are found (drying oil) in linseed ; fat oils from the olive 
(Olea europ(Ba\ and solid, as lard, in the palm. 

109. The faX oils contain a large quantity of stearine, and are 
hence used as a substitute for animal &t in the composition of can- 
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dies, and for greasmg tbe vheels of locomotives and oars on railroads, 
espcoially in Europe. 

110. The valuable properties of castor oil, obtained from the 
seeds of Ricimts communie, aa a niediciue, &re well known, 

111. Tub essbntul oils occur in tlie stem, leaves, flowers and 
fruit of many odoriferous plants, and are procured by diBtillatioB 
with water ; they are called tsBenoes, and contain the concentrated 
odor of the plant. The most oouspiouous of these are the oili^ of 
oinnamon, otto or attar of roses, of peppermint, caraway, cloves, &c. 

112. Amongst the seeds of plants used for human food, or nuts 
as thej' are called, the almond claims attention. If a thin section of 
it he made, and submitted to tlie niieroscope, a number of cells (Pig. 
24) filled with a concrete oil will bo seen. The masses into mhieh it 
resolves itself ate of a variable size ; there is some difficulty in mak- 
ing these preparations and preserving them, as the oil frequently 
quits the cells, and follows the knife \ moreover, the great density of 
the preserviiig Quid, causes the oil to flow out of the cells, and fuse 




into large patches on the ontside of ibe tii^sue ; cells thus emptied 
are shown in the figure. 

113. The ucUs of the Cocoa-nut also contain a concrete oil (Fig. 
25), which, obtained by pressure, possesses much ralue as on oil for 
lamps, and a material in the composition of candles. 

114. Wax is another peculiar fatty substance, sometimes found 
in the stem and &ait of plants. It is procured from several ripecies 
of Palms, the candle-berry Myrtle {Myrica eerifera, and Myrica 
eordifdlia) ; it is also found on the external surface of fruits, fbrmjog 
the hloirm of grapes, plums, &c., and on tbe leaves of many plauts. 

115. It is a popular opinion that the honey-bee forms, secretes, or 
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depoBttB, the wax Teqnired to build its colb ; this, however, is a mis- 
take, wu being solely a vegetable product, and noitlier the bee, nor 
any other animBl, is capable of secreting it. 

116. Daring the active eeaaon of the year, when this material b 
most needed, the bees §oek those plants which their instinct tells tl 
anpply the was. 

117. They possesB the power of collecting it in a at 
parity — free from the extraneoas materials with which it is mor 
less combined. 

118. With their jiwa, they fashion it into thin aealea, and place 
tbem between the plates of the abdomen for safety, to be conveyed to 
the hive for use. 

119. Well may this Bingnlurly industrious little creature be called 
ladm ; with its stomach filled with nectar to be oonrerted into honey, 
its abdominal rings lined with cakes of wax, and the hollow spaces or 
baskets of its thighs, and the hairs of its body filled, or covered with 
grains of pollen for bee-broad. 

120. The secretion of the ceniminous glands {ear-wax) of animals, 
differs altogether from vegetable wax. 

121. CuLOROPHrLLE, or the green coloring matter of leaves, is 
allied to wax, being soluble in ether and alcohol, but insoluble in 

122. Kesinods pBonucTB. — The milky and colored juices of plantd 
firequently contain resins mixed with volatile oils, in the form of 
balsams. 

Fig. «<t. 123. These are either Jiuid or solid ; 

the former may be illustrated by the Bal- 
n of Tolu, Balsam of Copaiva, Carpathian 
Italsom, Strasburg Turpentine, Canada Bal- 
i, and many others. The solid forms 
may be illustrated by common resin. Bur- 
gundy pitch, Mastic, Sandaracb, Elami, 
Guaiacum, Dragon's blood, and others. 

124. Caoutcqouo (India-ruhber] is aoa- 
lifous to essential oils ; it is found associated 
ivith them and resiaous matters, in thouiil^ 
juice of plants. It ia procured from various 
species of Fious, as Ficus elastioa, &o., by 
wounding the plants. 
lar'Komns vPMon. 126. A kind of Caoutchouc, called ji 

percha, imported from Singapore, and Borneo, is procured from 1 
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nandra Qutta ; the chief differenoe between this gnm and India-rubber 
appears to be, that the milky juice that yields it (the latter) contains a 
greater amount of starch. 

126. The milky juice, above referred to, is contained in a system 
of distinct vessels (Fig. 26), called lacti/trmia (laoia, milk) duels; 
this Btruetnre may be easily eeen In the India-rubber tree {Ficus 
dtutiea), Dandelion, Lettuce, Celandine, and the various Bpecies of 
Fious and Euphorbia. 

127. Some of these* milky juices are bland, as in the Cow-tree 
(Oalaetodendron utile) ; others are narcutie, as in tlio Poppy and 
Lettuce ; others purgative, aa Gamboge ; othem diuretic, aa Dandelion 
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128. In addition to tie various forms of cell — contents already 
enumerated — mineral matter, having either lime as its basis, or silica 
(flint), is abundantly found. Where flinty matter obtains, it fre- 
quently assumes an acicular or needle-liko shape — hence called 
Raphidfa, from the Greek rapkis, a needle. 

12SI. The needle shape is not, by any means, nnirersal ; they are 
as frequently found of a Stellate (star) form, and not unfrequently as 
single crystals, having an octohcdral (eight sides), rectangular (right 
angled), or prismatic (in form of a prism) form. 

130. No part of the plant appears to be free from them ; they are 
found in the stem, bark, loaves, stipules, sepals, fruit, root, Bpiral-ves- 
seb, and even in the pollen. 

131. Some plants are known to secrete Oxalic acid, which is a 
fatal poison to man, and many other animals. 

132. To counteract the efi^cct of this vicious material, and nen- 
tralite it, such planta (Onion, Pie-plant or Bhuharb), feed greedily 
upon Carbonate of Hnte, This earth has great affinity for the 
oxygen of Oxalic acid ; they seek each other, combine, and in the form 
of crystals of varying figure, the new compound is deposited in cells 
as the Oxalate of lime — a perfectly innocuous combination. 

, 133. By this simple and beautiful arrangement, delicious and 

^H nutritious vegetables are redeemed to the use of man, which, otber- 
^H vise, would prove speedily fatal to him. 
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134. If the thin, tranapttrent, and dried outer layer of 
P,,^ j; ripe onion lie submitted to tlie 

cri]S<:upe, a Iieiiutiful omembtdgv 
L-rysluls of tliis newl^ forratd 
111 will bo seen in the ceUs res] 
tively (Fig. 27). 

135. These are Bometimes 
gonnl ; frequently prismatic, 

136. ■WTieutlioliinohasbeen 
fici<?Dt]y atmuduDt, n.iid the fnut 
wcl! developed, mid of large 
it if usual to find more than 

"" crystal in a cell; vrhcnerer thig 

, they always form crosses, aometiinos composed uf two, 
tly of a plurality of cryatah. 

137. The rwt of the Pie-plant {Rhvitarb) 
vast number of ste&aU crystals of oxalate 
(Fig. 28.) 

138. Tlie oomtnon English rhubarb, so abun- 
dantly cuUifatcd in oar Gardens, and ofiering such a 
delicious, and highly nutritive material fer pies 
tarts, in advance of all other fruits, ooutaiiiB a (ar 
amount of tbi» mineral than the Turkey Rhubarb,) 
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great extent, tbat the only teat for this root, os compared with the 
Kuglish, nbioh is fre(|ueiittj substituted for it, ia to chew a Email 
piece of it, wbmi if it be found particuhirly ijriUy (ouuasioued by the 
crjBtulg of oxalate of lime), its identitj is assured. 

139. Crystals of oxalate of lime, of the stoUate form, are also 
found in the Beel-root (Fig. 29], the mdon cactat (Fig. 30), aud (to- 
gether with starch) ia a Cycadaceous plaut (Ettcaphaiartus punyens) 
(Fig. 31). The bulb of the SquiU plant (Squilla maritima) (Fig. 32) 
cull tains raphides. 

140. Oxalio is not tho only acid found combined with lime to 
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form raphides in the plant ; on the contrary, phosphoric, malio, sul- 
pburic, and carbonic acids, all contribute to the varied forma of these 
crystals. 

HI, Phosphate of lime generally produces acicular crystals (a), 
ito u. as seen in the celle of Rumex 

I (Bhubarb) (Fig. 33) ; the leaf of 
I the maple also affords similar eryx- 
I tab (Fig. 34). 

142, So wonderfully abundant 
I are raphides in certain plants, that 
„grai,Lidvi the late Prof. Bailey (of West 
b-iuare inch of Locust-bark, the thiekness of 
e than a million and a half of these crystals ! 
143. Certain species of the Cactus tribe of plants coutain such 
an inordinate quantity of raphides that they appear to be almost en- 
tirely made up of them ; sometimee every cell of the cuticle contains 
Btellate orystalg, whereby these plants are rendered exceedingly brit- 





TEGKTABLB PUTSIOLOaT. 

tie, so much so, that the least timcli will prodi 
a, fracture. 

144. The bark of tTee§ia a source frultft 
raj>liidi.'s ; tliej ore abundautly found iint c 
ill tlje Locust (as we have seeu), bat in i 
Ilickoi-y, Apple, Pear, &c. 

I4i). It Las been remarked tbat tbe t 
(pliell) of many seeds coDtaia them, uiw 
figure 13 given (Fig. 35) of titu testa of the 8 
of the Elm. 
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word comes from the Greek skieros, bard) and ia ^>- 
plied to certain depositiona found in the interior of cells. It is aho 
called Lignine, or woody fibre; it is supposeil to be a modified fonri 
of cellulose. 

147. The albumen of the fruit of a Palm {PhyUhphat macro 
tarpa), hardened by this peculiar deposition, forma not only a most 
beautiful object for the microscope, but it has become an important 
article of commerce; handles for canes ayd umbrellas are turned out 
of this valuable substance, known as the nut, or vegetable Ivory ; 
pipe bowls, and a variety of articles are fashioned out of it. 

148. For a few months after it in gathered, it remains so soft 
that it icay be easily cut in thin sections with a penknife, but espo- 
sure to the atmosphere inspissates it, and it becomes bo remarkably 
hard that it can be turned, and highly polished In a lathe, with great 
ease. 

149. A thin section, examined by the microflcope, presents s 
charming appearanoe (Fig, 3ti). The cells are all distinctly visible, 
each one containing in its centre a vesicle composed of solerogen, or 
lignine; from this vesicle a series of tubes radiate to the inner mar- 
gin of the cell-wall — but they never pass through it — to an adjoining 
cell. In the nut ivory, the tubes are of unusual size, and have a 
knobbed termination. 

loO. Those persons who eat pears and quinces, wi 
that as they approach the seeds, in the centre of tl 



I 
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teeth eome in contact with a niimber of mbute, hard particles in the 
pulp cells ; they try to oruali them with their teeth, but find thorn 
much too deoae. These constitute wLut is called the rfritty liBme. 

151. A tbia slice of a. pear examiued bj the microscope (Fig. 37), 
ehowa that thia tissue is made up of a variahle number of distinct 
particles (a), which form a masa, of uncertain size, amidst the pulp 
cells (h]. 




152. There can be no doubt that the intention of surrounding the 
seeds with this peculiar tissue is, to afford them a certain degree of 
protection; and it appears to foreshadow the more perfect develop- 
ment of a soporior tissoo designed for the same purpose (protection), 
met with in the cherry, plum, peach, and other fruit stones. 

153. Some of the elements of the gritty tibsue, of increased size, 
are shown in the accompanying figure (Pig. 38) ; in common with 

Fio. »i. Fro M. 




other like tissues, there is & central vesiole, associated with radiating 
tubes. 

164. The testa, or husk, of the Not Ivory (Pig. 39), presents a 
very fine view of the arrangement of the sclerogen ; it is only neces- 
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eary to grind it down thin enough to transmit light casiljr, and n 
it in fluid aa a preparation. 

155. Thin sections of the Pfach, Cherry, and Plum stonei^ |j 
dlructures not very dissimilar 1 these, toge the r with the Hat^M 

Walnut (English), and Coroa-nui, m much rosemhle the l" ' 
fltmcture of bone, lu frequently to be mistaken for it ; there isM 
one broad charucter that Beparutea them — in bone, the tabes j^ 
nected with the central vesicles (here called eatitdiei^i, or \ 
tubes) freely anasiomoie (or join) throughout the tissue, whe 
vegetable similar BlruotureH, the tabea are ooofincd within the U 
of the cell- wall. 

156. The "Cherry-stone (Fig. 40) and the PracA-stone, \ 
much resemble each other; in both the like general e 

157. But the culminating poiutof beauty of these tia8uefl,ai^ 
to be the Cocoa-ntit, seen is trausverso aoction (Fig. 41). The A 




Bection of Ctorrj-'tona 



and their intomal Teaicles are of 
greatly increased size, as compared 
with similar structures, and the 
connecting tahea correspondingly 




Woody Fibue. 

158. Of all the forma of eells, the wood and bos3-oella are n 
importnnkin the domestio economy of mankind. 

159. The " basB-eella " are the longest of all ; their walls are g 
orally very thick, and mostly much bent, but rarely marked with p 
or spiral fibres ; only in the silk plant (AscUpias Syriaea), the C 
der, and allied plants, is a spiral striation of the walla observed. 

160. The materials used for ropes, cordage, linen, certain Ind) 
niuslina, mummy cloth, and mats, consist of the woody fibre of y 
from which the more delicate tiseaes have been removed by loo 
tinned maceration in water. 
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161. Flw (or lint) is thaa procured from Ihe harkot Linu" 

sitatiMimtim (Fig. 42), heiup, from Cannabis saliva (Fig. 43), Nl'v 





Zeaknd flax from Flior-mium tenax 
(Fig. 44), and basa (or bast) from the 
commou Lime, or Linden tree. 

162. Fibres are also procured for 
manufacturing purposes from the Pine- 
appU plant {Ananaasa saiiva), from 

Tueca gloriosa (Fig. 45), from Boehmeria nivea, which yields tlie 
Chinese grass-fibre, from most of the plants belonging to tho ualKiw 
and nettle tribes, and from some of the leguminous plants. 

163. The tenBoity of different kinda of woody fibre, as contrasted 
irith silk, is given by Do Candolle, thus : 
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fillk mppirted » woljhl o(. 141b*. 

Ntw Z«l>Dcl Flix .., «4-a 

Common Hemp , , 

CumDoii Ftai ---.. tl »-* 

I If the mocenitioii of tlie fibre be oorried on to mnoL extent, a pal 
formed from which paper ia manufactured. 

164. In ordinary paper the ratable Gtmctiire is entirely d 
Btrojed, but in the ChincHe riee-paper, which is not prepared 1 
niBceration, and in the paper of Japan, made from the mulberry, i 
in preserved. 

165. The Btructnre of flax, bo largely employed in the i 
tare of linen, Ib peculiar ; and to guard eursetvea agunst those d 
fitoturers who employ (fre'iuently) a large percentage of cotton, to % 

d in matiufacturea hereafter to be warranted " all linen," H I 
[ worth the while to examine it. 

166. If a linen thread be scraped with the thumb-nail to separate 

it into its primitive elements, or ultimate fibres, and 
^^^^^^^^^ placed under the microscope, an appearance will be 
^^I^^H {.rcseuted like Fig. 46. 

^H^^I^^H 167. It will DOW bo seen that we have a series of 
^^HnHJ^H (iipparontly) solid, cylindrical, many-jointed fibres — 
^HnHHH (lie joints not very dissimilar to those of a bamboo 
^HIRjHH 4 ;ine ; really, however, they are itibea, so nearly 
^^H|HBH lillud with Bolid contents that it is by no means ewy 
^^■B^^^H li> isatiafy oneself of the fact. 
^^I^^^HH 16S. The outer membrane of the tube ia atmq 
Kjiirci.irriiu. turcless, although, occasionally, delicate transTeifl 

markings may be seen. 

169. These tubes are of great length, and usually pointed at bodl 
ends ; they arc also remarkable for their toughness. 

170. Cotton ia not woody fibre, but simply the hair of the j 
producing it, and will be deacribcd under the proper head. 



LESSON IX. 

TABCCLAE TISSUE. 

171. The roots of a plant absorb a, continued influx of natrien 
matter, which ciroulateB through it, while the superHuouB water I 
evaporated by the stomata (bieatblng mouths). 
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173. This movement of the Bap alters the form of the celLi 
through irhioh it passes, and don-gaies them. 

173. The walla of moat of these elongated eella become thickened, 
thcjf have a tendency to aggregate, and thus is formed, iu the midst 
of the cellular tissue, bundles of elongated cells, or Teesels, called 
vascular bundles, which to the naked eye look like dense fibres 
rauuiiig through the tissue of the plant, 

174. In one great division of plants {Moruiooti/ledons), to which 
the Oraises, Lilies, Palms, &c., belong, the development of these 
Tascular bundles stops short at a certain stage, and they undergo no 
further alteration. 

175. In another class, on the contrary (IHeotyledons), to which 
belong our forest trees, kitcben vegetables, and many others, there is 
a continuous development of cells on the outer side of each vascular 
bundle, which become in turn vascular bundle cells, and so unceas- 
ingly increase the thickness of the bundles. 

176. As a consequence, they gradually close np together into a 
firm tissue, or into that form we call wood. 

177. In relation to human wants, these vascular bundles become 
important on account of the chief portion of their contents (the spiral 
fibre) constituting wood, and woody fibre, or baas. 

178. Examined by the microscope, vascular tissue, in its original 
development, presents itself as a spirally wound coil of woody fibre, 
within a cell, of oellnlose (Fig. 47). ^^^ ^. 

179. A vascular buniUe, microscopically 
examined, displays vessels in several distinct 
forms ; some like Fig. 47, others becoming an- 
nviar; annular vessels perfectly formed; acal- 
ariform {scala, a ladder) vessels; and old ves- 
sels — either emptied of their contents, or filled 
with woody fibre. 

180. There appears to be great probabil- 
ity for believing that spiral vessels arc always 
formed originally like Fig. 47; having sub- 
Berved the purpose for which they were de- 
veloped, they begin to degenerate ; this process 
ie, however, a slow one, and no great impedi- 
ment appears to accrue for some time to the 
transmission of the sap — not until the ligneous 
elements are entirely removed, or the old vessels 
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To substantiate these opinions, the followini^ series of illastrslJuns 
drawn from existing preparatioDs, are offered. 

181. The first stage of the process of disintegration appears to t>« 
a concentration of the spiral element into a filament of greatlj iit> 
creased robustness {Fig, 48) ; the newly formed spiral then throws 

itself into a loose and irreg- 
ular coil within the cell, the 
parietes (sides) of the latur 
becoming at this p 
ticulurly distinct; 
mimitious of the filainefl 
hibil a tendcuo; to | 
rinf/s, which having d 
a proivss of ahsorptiot^fl 
arc cut off, and sepaista 
an interval of space. 
process continues till ti 
tire tube conttuns only 8 
riea of rings, more or less 
widely separated (Fig. 491, 
now called annula, from anelhis, a little ring. 

182. The process of gradual decadence (decay) does nob • 
here. It is very easy, by long continued maeeration i 
separato these rings from the tubular envelope, for they, being « 
posed of woody fibre, can resist the action of water, to which the 
tubes of cellulose must speedily succumb. These rings, thus obtainetl, 
are shown at Fig. 50. In this view of them it wil! be seen that ti 
are not round, but rompressed rings, with a variabls uutnbl 
angles. 

183. It is easy to understand that the process of absorptk 
ready in operation to produce a series of rings out of a oontii 
spiral thread, does not necessarily cease, and such appears t 
the facL 

184. One of the rings (A), has been divided into tighi partiom 
to show the like separation which occurs in nature; absorption and 
couoentration having firstly formed the irregular filament, and second- 
ly divided it into a series of distinct rings, still continues, by divid- 
ing the rings respectively, all of them remaining in situ (siiuaiion, 
place), and removing a portion of each divided fragment — rouudii^ 
its estremities — till a scalariform vtssel (Pig. 51) result*. 
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185. From this point the absorptive process oontinues, nntil every 
[ particle of Ugaeoua matter is removed from the tube, which la now 



I 





I 



called an old vesgel (Fig. 52); tbia either continues permanently 
empty, or becomes filled with a buiidle of woody librc. 

186. Spiral vessels are uearly routici, yh, n 
annular vessels are more or less cora- 
presBod tubes, but soalariform vessels 
preaervo a beautifully symmetrical figure, 
while an old vessel returns to the origi- 
nal rounded form. 

187. The figure of the scalariform, 
ae compared witb the annular vesael, 
eeems to arise from the fact of the annu- 
lar riugB being broken up, and the tube ] 
of cellulose readily yielding, between tlie 
ligneous particles, to the pressure which I 
uniformly surrounds it A beautitul ^'"''"""■'■■■*''^ """""'""'"'■"'■ 
view of Scalariform vessels, from the atem of a Fern, is ^ven iu 
Fig. f>3, in which it will be seen that they form groups, of variable 
BOB, in the midst of the cellular tissue. There cannot be a finer ex- 
hibition of these reaseU, than a transrerae aectiou of the stem of a 
fern diaclosea. 
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POBora USD DOTTED DDCT8. 



18S, In addition to the spiral, and otiier veHsels already i 
Bcribed, tubes or caDals are also found m floats ; these are called 
duels, and give to woods their various degrees of porosity. 

169. Spiral vessels caD te easily unrolled — dncts poasesB no anch 
capability, and hence the word duet Is limiUid to soeb vesseb as can- 
not be unwound. 
Fie. M 190. Dotted ducts are peculiar to firs, pines, and cone- 

I bearing trees; they consist of spindle-shaped, or fusiform 
cells [Fig. 54), bearing a variable number, according to spe- 
cies, of sauoer-ehaped discs, each having a small oirelis In tlie 
centre. 
191. These peculiar markings are formed by ooncare de- 
pressions on the outside of the walls of contiguous tubes, 
which are closely applied to each other, forming lenticnlar 
(shaped like a lens) cavities between the vessels, like twe 
watch-glasses in close apposition; when seen by*tranamitted__ 
light they appear like discs. 
192. This structure is common to, and cbaraeteiT 
tiiS o'tum tlis cone-bearing trees ; the number of discs, or duets,! 

*^* given cell ia found to differ in the several species, thni 
pine (Fig. 55) has only a single row in each cell ; the pinua ji 
(Weymouth pine, Pig. 56) Las two rows of discs, arri 
same plane; whilst Araucaria has two and three rows (Fig, 67] 
ranged alternately. 




193. These characters are so constant that, by the numb^ 
discs in a cell, together with the mode of their mrrangemant, % 



ay 



LBiSOS 10.] POROUS ASD DOTTKD DC'CIS. 

Coniferous woods hare been easily arranged in species ; a figure of 
fossil wood, from a cone-bearing tree, is preaenKKl (Fig. 58). In this 
illustration tlie cell is filled with four rows of alternate ducts. Tlie 
amall spot in tlie centre of each concave disc, is supposed to bo all 
that remains of a series of vesaela formerly (during the duyelopmeut 
of the plunt) existing in that Biluation. 




194. The vessels (sonatituting the porous, dotted, n 
pititd vascular tissue, arc contiuuons tubes of large I 
sito, and usually present broad or oblir|ue eitreoiities ; 
but Bometiines the termimitbns are pointed (Fig. 59). 
Their doited, or pitted, appearance is supposed to de- 
pend on the mode in which the encrusting matter i 
formed inside. In place of being deposited equally I 
over the whole surface of the membrane, as in ordinary I 
woody fibre, it leaves rounded uncovered spots at vari- 
ous intervals, and these, when viewed by transmitted h"""- 
light, appear from their thinness to be perforations or holes. 

195. In old dotted dncta it frequently happens, that the thin 
membrane of the dots, or pits, has become absorbed, p^^ ^ 
and actoal perforations taken place. 

196. Dotted ves.'fels often present a jointed appear- 
ance, such as is shown in Fig. 60 ; in such cases, they are 
seen to be formed of dotted cells placed end to end, ho 
ss to form continuous cylindrical tubes. 

197. Dotted ducts are abundantly found in the wood I 
of trece, and they constitute the large rounded openings I 
seen in transverse sections of the stems of oak, pop- 
lar, trilloio, &e. They also abound in the Bamboo, and | 
in other plants of rapid growth, 

198. Porous ducts are very numerous in the Locust 

tree, and are of great beauty (Fig. 61) ; it will be seen that the lower 
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port of one duct, and the upper portinn of another u sliowa togetliw 
with two porfoct cella : the pores are bordered porcB. 

199. In the apple tree another form of porous vessel is fo* 
a j«)roua vessel with very mbute puros placed in the iuterstica 
double spiral, suddenly bulgos out into an inordiaatel; large i 
destitute of poree, and haviug a number of lines, or bus, runninj 
irregularly across it (Fig. 62) ; it docs not appear that there ia any 
uibrane betweeu these bars, or lines, to conoeot them. 




1 
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Poroiu duel. Locust 

200. But the most beautiful duets or vessels of this kind, are 
foand in the Basswood; here, they exi^t in great number and of 
considerable length, having a nniforra diameter for the greater part 
of their course; the ends are pointed. 

201. They consist of a singularly beautiful double-spiral thread 
(Fig. 63), in the meshes of which one, and sometimes two ducts are seeik 
The whole of this structure is conHncd in a tube of cellulose, ^ 
under the microscope, presents a very glistening appearance. 



LESSON SI. 

eiLICA. 

20*2. This mineral, so abundantly found in all kinds of soils, uni- 
versally throughout the surface of the Qlohe, is of the greatest conse- 
quence to the vegetable kingdom. 

203. We have already seen thiit certain vegetables have a para- 
mount necessity for the CarlonaU of limt ; with ita B^Nistancu, as on 
article of food, they flourish, and lusuriate — without it, they peril 

204. The carbonate of lime rarely exists in its pare, original a) 
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but ia nanally aasociatecl with an acid, aometimeB oxalic, at other 
times phosphoric, oi earftorfu; acid. 

205. Silica, on the aontrary, is found in largo quantity in vegeta- 
ble tiHsues in all its integrity ha pure flint. 

206. There oan be no doubt that the roota obtain tliia mineral 
from the earth ; elaborate, or digest it, and reprodnoe it in a new and 
charncteriatic form. 

207. Each of the grasses, for example, affords a large aupply of 
thia mineral j but tbe/ormand arrangementof it is always peculiar, 
and auoh as can only he found in that particular apocies, in which 
Buch form, however, is constant. It may escite our wonder and sur- 
prise to learn how it is possible for the roots of a plant to decompose, 
that they may feed upon such an intractable suh.staiioe as flint ! 

208. Yet the process ia a very simple and natural one; in addi- 
tion to flinty materials, the earth contains large supplies of alkalies — 
potash and soda. 

209. Silica, that realsta the action of the most powerful acids, 
succumbs to alkalie»i. By union with the»e elements, the flint is 
dissolved to a fluid state, and forms the silicate of potash, or of soda, 
88 the ease may be. 

210. The Chemist can form artificial silicate a : by a process of 
manipulation of one kind, he forma a silicate soluble in water; by 
another process he makes an insoluble silicate, 

211. By their effects it would appear that the silicates formed by 
nature, are (originally) soluble; that tbey are ao much reduced by 
the addition of water as to become eaay of access to the roots of the 
plants wbieb absorb them ; at the same time it is possible that the 
superabundance of the alkaline materials, may render on insoluble sili- 
cate sufficiently fluid to be appropriated by the roots. 

212. Under any circumstanoes it la quite certain that the sitioa 
found in plants after thoy have elaborated it, ia always perfectly 
insoluble. If, however, it be formed as a soluble silicate, then it 
becomes insoluble in* the tissues of the plant — due, doubtless, to the 
vital energies of the organism. 

213. The mode by which the tiasuea of planta and animals become 
sUieifled, or fossiliied, is a very simple one : they lie beneath the sur- 
face of the earth, in and surrounded by the silicates of potash, or soda ; 
these materials are gradually absorbed by the tissaea, which, whether 
wood or bone, are easily accessible to the transmission of fluids. 

214. By slow and insensible degrees, through a long series of 
years, the character of the original tissues gradually changes, the 
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fluid silica taking their place. None of tbe straotnree found fc 
hare a tendeoQ^ to decomposition, and, from the moment t 
to absorb liijiud flint, this prooeea is rendered impossible : the 
afford, therefore, to viait the development of time, and wheiu 
oircumstauoea are favorable, the aqueous particles are remc 
eri^ralion, and the solid silica alone remains. 

S15. This process is so remarkahlj slow in nature, that 1 
parta of animals are very rarely found foKsil^ but they, in ooa| 
with bones and woods, may be easily converted into flint, e 
imd the softer the tissue (brain) the (Quicker and more c 
experiment. 



LESSON XH. 



SILICA, (OONTDTUED.) 



216. Silica obtains to tbe greatest extent in the lowest fom 
Tegotabte life. A large ehaa of minute (microscopical) organisms, 
ori^nally classed by Ehrenberg with the animal kingdom, are now 
known to be vegetable, and from their possessing a double external 
covering, like the bivalve (613, two) shells, they are called IHatomaca 
(two-atoms). 

217. The loricss (shells) of the organic stmctures included niid«r 
this head are formed entirely of pure flint, the pattern (so to sp«ak) 
being always remarkable, peculiar, and limited to species. 

218. The JracArwirfiscai (Spider's web disc), found in Peruvian 
tiuauo (Fig- 64), is a very beautiful 

example; the specimen has been sub- 
ject to long continued boiling in 
strong nitric acid — a usual method of I 
procuring these forms for microscopical [ 
purposes — to free them from the e 
traneous materiuts with which they I 
were surrounded ; the exact, 11 
mathematicai precision with which it I 
is divided, renders it a very remark- 
able illustration. 

219. Kindred forms are so abuu' 
dant, both recent, in all the fresh- Ar«Ln«iJi6cua Lh™ni«fgii. 
water pools, and fossil, constituting by far the greater part of J 
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E&rth'B surl&cc, that the temptation to Ggnre and describe them is 
very great ; bolocgbg to the vegetable kingdom, too, such a prooeed- 
ing would bo quite justifiable in this pUoe — but it would Ironsoend the 
limits of the present work, 

220. The grasses, which inelnde all the Cereal grains, Canes, 
Horse-tuilfi, &c,, are coospicuoua for the large amount of silica which 
enters into their composition. Who has not marvelled at the singu- 
larly erect position of a stalk of wheat, or rye, or barley, each sapport- 
ing a hea*y ear of grain at its surauiil ? 

221. And yet how few persona have enquired how it is, and why, 
that a slender stalk oau grow so toll, and maintain, even against ad- 
verse elements, its perpendicular, erect form. 

222. If a piece of straw of wheat, or any other cereal, be boiled 
in strong nitrio aoid, well washed in clean water, and examined by 
the Microscope, the secret will be developed; it will then be seen that 
it is defended from the root to the summit with a coat of pure, beau- 
tifully transparent silica, composed of milhons of minute particles, 
all nicely jointed or fitted to each other. 

223. Upon this principle all the grasses are defended by a skele- 
d of flint. The silica of the husk (chaff) of 

) Fig. 65 ; it consists of a number of long bar^i 
(6), connected with smaller oval bodies (a) — 
I these are the casts in flint of the stomata, or 
breathing mouths. 

224.' The husks of all the cereals, together 
with the hairs (paleae), are also entirely cov- 
ered with fiinty matter, and those persons who 
indulge to much extent in the use of oat-cake, 
or brown bread, are liable to large concretions 
of flinty matter (that no stomach can possibly 
igust) forming in the intestinal canal, which 
I must necessarily (sooner or later) prove fatal. 
225. In the Museum of the Boyal CoUege 
ind, several such masses may be seen, all the result 
of post-mortem examination s. 

226. The Microscope has satisfactorily determined, long ago, that 
some of these concreted masses are composed of siiica of the oat, and 
others of the silica of wlieat, obtained from the intestines of the in- 
veterate eaters of brown bread, or oat-cake. 

227. There is a popular prejudice in favor of this description of 
V £>od, Mid used occasionalls, a&d in moderation, it is well founded. 
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There can be no doubt that the minute particles of flint, liberated by 
the digestion of the food, will have a tendency to slightly irritate the 
mucous membrane of the stomach and howdsy thereby increasing the 
circulation of the blood, and waking up (as it were) the dormant en- 
ergies of the muscular coat of these tissues. But this increased ac- 
tivity is intended to expd or digest the foreign enemy, the flinty and 
when repeated attempts of this kind end only in failure, the stomach 
and intestinal canal relapse into a state of increased torpor, and leave 
the obnoxious substance to pass, or not, as it may ; these are the cir- 
cumstances which originate concretions. 

228. In the Kingdom of Saxony there is a moimtain range 
of many miles extent, composed of a whiUy pviverulent ecurihy 
called by the inhabitants Berg-mehl, MountaiiV'meal. In seasons of 
scarcity, the people are wont to mix this Berg-mehl with equal parts 
of flour to make their bread, and assert that it is not unwholesome. 
During a short period in the Summer months, this practice is found 
in most seasons to prevail, without bad results. 

229. Examined by the Microscope, the Mountain-meal is found 
to consist principally of a number of minute fossil diatoms, but chiefly 
of a form limited (almost) to this formation — Campilodiscus dupeus 
(Fig. 66). All that remains of this fossil is the flinty lorica (shell), 
with its minute, sharp processes, which are likely to occasion the 
same amount of irritation as that resulting from the flint of the 
wheat, or oat. 
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LESSON XIII. 

SILICA (CONCLUDED). 

230. The silicious particles of the Oat (Fig. 67) resemble thoee 
of the Eye, except that they are smaller in size ; in the Wheat (Fig. 
68) they are not smaller; the same dements will be found in all tiiese 
illustrations, that is to say, the lengthened bar and the connecting 
rounded piece — a cast in flint of the breatiiing mouth. Moreover, 
the bars have all serrated (toothed, like a saw) edges, by means of 
which they lock into each other to form a continuous tissue, just as 
the bones of the human skull iDterlock at the sutures. 

231. The flint obtained from the husk of the Bice, differs some- 
what from the preceding illustrations (Fig. 69). Here we find that 
the bars are shorter and broader, the serratures finer and more uni- 
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form in size ; the stomata are apparent as naoU^ated spots in a turtu 
cue linu, which occupies the central portion of eaoh bar. 

232. The varioua species of Horsc-laiU (Equiietum) are roniar! a 
ble for the largo auouQt of flint found ia their cuticolar oovcriug 




One species {E. kyemale), or Dutch rush, or scouring ruab, presents a 
flinty layer, which fornis a fine object under the Microscope (Fig. 70). 

233. The flint in this plant appears to be an accurate cast of the 
tissue (cuticle) with which it ia in contact ; every cell, and the nucleus 
of every cell, is faithfully represented. 

'J3i- In addition to this structure of the cells, the stoniiita are 




_weU represented, and, as will be seen by reference to the Fig. (a, a), 
they are doubU — the one internal, the other eitemal The inleriml 
breathing-mouths are the large circles, with irregular openings; 
throDgb these openings, and through the transparent aides of the cir- 
cles, the eitemal stoniata may be seen. These consist of a pair of 
lips, which open in tbe direction of the long aiis of the plant, and, 



tsghtablz nrrstoLocr. 

provided with GooTBe eerratureg on their internal m&rgins, their ends 
arc attenuated (reduced, made Ibin) and accuminated (pointed]. 

235. Tlie Dutch rush used to be employed extenBively by eabi- 
netmakera, to smooth their vroik, preparatory to polishing it, but 
since the introduction of glass or sand paper, i 
fineness, it has fallen into disu^ with these artisans ; it is still g 
ly employed, however, by plaater-of-paria figure makers, to file i 
the seams left by the junotiou of the several parts of their j 
moulds, and for this purpose it ie iuvaluablc. 

236. The BuU-rusliea, and all the plants of this order, also ^ 
tain large quantities of siltoa. 

237. Silica, however, is not by any means restricted to tbs 
Grasses ; it enters into the composition of a vant number of plants, 
in some of them associated with the celb of the bark — in others with 
the cells of the cuticles of the leaves. 

238. In the Utter situation it is found in a very oommon g 
shrub, which has no vulgar name, the Deutria seabra ,- on the a 
cuticle may he seen a series of large, exquisitely heuutifhl s 
crystals of flint, of (comparatively) large 8i«c(Fig 71). 




239. On the upper cuticle, the stjirs are composed of from i 
radii, four and five rays, however, being the moat abundant. 

240. The under cuticle has a omch more dense number of si 
stars, placed nearer together, and the ruys of which amount to fl 
10 to 13 (Fig. 72). 
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241. In thU countTj, it appears that the domestics have dis- 
ODvered the economic Talue of Deutiia, a^ they employ the leaves 
with which to ruh up and brighten their tio-warea — a function they 
must be very capable of per- „ . 

forming. 

242. The (quantity of Sil- 
ica contained in the Canes, 
especially the bamboo, is very I 
great ; in the latter it is fre. I 
quently found in the form of I 
a solid layer, between the f 
joints, called " Tabasheer." 

243. Reeds, from the large 

quantity of Silica thoy contain, are Haid, during hurricanes in warm 
climates, to have actually caused conflagrations, by striking against 
each other, and producing flame by friction. 

244. Silicate of potash in n vegetable sap may be mixed with ox- 
alic acid, by which oxalate of potash and s'dieio acid will be pro- 
duced, and thus the silica may be deposited in cells by this process 
of double decomposition. 

245. When these chemical compounds meet, they mutually de- 
compose each other in this wise: Oxi/gen has more affinity !'\t potask 
than for the acid with which it has combiried to form oxalic acid; 
it therefore tjuitB the acid, which is set frse^ and joins the putash to 
form K new compound — oxalate of potash. Then the silica has more 
aflinity for the acid liberated by the oxygen than for potash ; it com- 
bines with it, therefore, and forms sUioic acid, and thus new com- 
pounds result. 

246. Chant imnslueens possesses a covering of silicic add, which 
could only have been formed In the manner indicated ; C. vulgaris 
has a covering compnaed of silicic acid and carbonate of lime, while 
Chara hitpidit has a covering of carbonate of lime alone. 
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OAIBB. 

247. Hairs are composed of one or more transparent delicate 
cells, proceeding from the epidermis, and covered with the cuticle. 

248. Thdr form is very various ; some are erect, others oblique, 
or they may lie parallel to the surface, as in the mullein. 
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249. Sometiinea they are corapoBed of a single cell, vhtcb is Bitn- 
pie and ondiTided, or forked, or branched ; at other times they arv 
compoaed of maoy cells, either placed end to end, or aoited together 
laterally, and gradually farming a oone, as iu compound haira 

250. Hnira occur on varioos parts of plaiila ; as the stem, leiitrc«i, 
flowern, aeed'VeseeU and seedH, and even in the interior of veeseb. 

251. Uaira are developed occasionally to a great extent on plncts 
exposed to elevated temperatures, as wc:H as on tlioae growing on 
lofly mountaitiB. Difiereut parts of plants are transfnnned intu 
hairs, as may \k seen in the flowering stallcs of Bkus Cotinui, aud in 
the calyx of Cotnposila. 




Dlono* moMlpali. or Vetitii' Ply-lnp. 

252. On the pod of the Cowitch (Maeuna pruritm), h 
produced with projections on their earfaoe, which cause great ^ 
tion when applied to the akin (Fig. 73). 

258. Iu Venus' Fly-trop {JMoncea museipula). stiff hjur«« 
the blades of the leaf (Fig. 74), which, when touched, a 
close (a), thereby impaling the fly. 

254. Cotton is simply tho hair surrounding the seeds of 6 
KWi kerbaceum; as they dry, they eollapae into a flat t 
rather rounded borders, and ultimately become twisted (Fig. 75) ; by 
these oharacterg, the fibre of cotton can be readily distingTiished un- 
der the microscope from all other tissues, and when associated ? 
flax, can be identified, and counted with great precision, 

255. The hairs most frequently mot with iu plants are « 
lympkaiie, from their not being counectod with any particular ■ 
tion. Those, on the other hand, which have eocreting cellfl at ^ 
base, or apex, are called glandular hairs. 
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256. Glands are ooUeotiona of oells forming seoretions; ihoy ai-u 
either stalked or not stalked. The former arc glandular hairs, hat- 
ing the SPfirptbK <i«"« nt 'hp npPX. 




257. These stalked hairs are either oomposcd of a single cell, with 
It dilatation at the apex (Fig. 76, A), or of several cells united to- 

FiK- n. getlier, the upper one being the secreting organ (Fig. 
T<), B). In place of a single terminating secreting 
cell, there are occasionally two (Fig. 76, C), or more (D). 

258. Hairs sometiines servo as dacts through which 
the secretion of glands is discharged ; these are glnndu- 
lur hairs, with the secreting cells at tfie base. Such 
iiairs are found in the common nettle (Fig. 77), iu 
Loasa, or Chili nettle, aud in Malpighia, and are usu- 
iiHj called a( in js. 

259. In the Nettle { Urtica dioi- 
m), they consist of a single conical I 
cell, dilated at its base (see Fig.), I 
uTid closed at first at the apes by a I 
i-tiiall globular button placed ob- I 
iiijuely (a). This button breaks off I 
on the slightest touch, when the I 
sharp extremity of the hair enters I 
the skin, and pours into the wound I 

the irritating fluid which has been pressed out I 
from the elastic epidermal cells at the base. 

260. When a nettle is grasped with violence, | 
the sting is fractured, and hence no injury is done ' 
to the skin. 
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261. The globular apex of glandular hairs sometimes forms a 
viscid secretion, as in the Chinese Sundew {Drosera rohtndifoUay 
The hairs of* this plant, by means of its peculiar secretion, are 
enabled to detain insects which chance to alight on them (Fig. 78). 
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CUTICLE. 

262. This tissue in plants corresponds remarkaUy with the kin- 
dred tissue in animals, especially in man. In both it is nan-vasculary 
transpa/reni^ more or less ihick^ and abundantly supplied ioiih hair, 
as we have just seen. 

263. In plants, it is usually formed by a layer or layers of com- 
pressed cells, which assume a flattened shape, and have their walls 
bounded by straight or by flexuous lines. Every leaf presents a ou- 
ticle on the upper and on the under surface, each composed entirely 
of cells, but in many plants dissimilar in the two cuticle& 

264. The cuticle is sometimes thin and soft, at other times denae 
and hard. In the former case it may easily be detached finom Ihe 
subjacent cells ; in the latter, the cells become thickened by depositBi 
and sometimes the layers are so produced as to leave oncoTered 
spots, which communicate with the interior of the cell by canals peas- 
ing through the thickened layers. 

265. In terrestrial plants the breathing mouths {stcmaia) are 
placed, generally, wholly on the under cuticle, but some plants hare 
in addition a few scattered organs of this description on the apper 
oatiole. The object of placing these important organs on the under 
surface of the leaf, is to protect them from the rain, which would in- 
terfere with the due performance of their function if it fell upon the 
sorfaoe to whidi they were attached. 

266. Stomata open or close, according to the state of moisture or 
dryness in the atmosphere. By examining under the microscope, 
thin strips of cuticle in a moist and dry state, it will be seen that in 
the former case the lips are distended ; they assume a crescentio or 
arched form, and leave a marked opening between them ; while in 
the latter, they approach each other, and close the orifice. 

267. The number of stomata varies from tkfew hundreds to many 
thousands on a surface of one inch square. 
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. This fact will he best illustrated by refereuce to tho follow- 













1000 




' 




' 




' 




' 














HoDy .^ 


None 


LllK 


Few 



2,000 
40,000 
80,000 
20,000 
SS.EOO 
40,1 KX) 

4,000 
13,000 
1S,600 

i(S,eoo 

eo,ouo 

180,000 

269. Stomalu are not usually found on leaves always snbmerged ; 
bat in floating leaves they arc reBtricted to the upper surface ; ueitLiT 





n the upper aurface of leaves which hav 



Me ttey ever found 
sbiniag cuticle. 

270. In Ruscus oruleatits 
(Butcher's broom, Fig. 70), 
the cells of the eulidu are 
very symmetrical, and the 
stomata (a, a) well seen. 

271. Tho under cutiolo ^.f 
the Ivtf (Fig. 80), is di^tin- 
goisbed by the wavy lim:.-. 
whi-^h constitatc the ouHt 
walla of the cuticniar cells; 
the stomata in tliis plant (a) 
uo well marked, and of large size. 

272. la the WhUt Lilj/ (Fig. SI), tho 




«lls of the outiole, and 
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273. LeaveB are expansions of the bark, deTeloped in a sym- 
metric&l manner, as lateral appendages of the aU'm, and baying a 
connection with the internal part of the ascending asis. They 
gradttally expand in various viays, acquire vascular tissue, and ulti- 
mately assume their permanent form and position on the axis. They 
may he divided into aerial and submerged leaves, the former being 
produced iu the air, and the latter onder water. 

274. Aerial leaves, — These leaves consist of vasoalar tissue to 
the form of veins, ribs, or nerves, of ceDular tissue or parenc/n 
6lling up the interstices between the veins, and of a oattt 
covering. 

275. The vascular system of the leaf ia contimtous witb'4 
stem, those vessels which occupy the internal part of the stem bfr^ 
coming superior, or placed on the upper surface, in the leaf; while 
the more esternal are placed on the lower surface. The vascular 

system is well displayed 
what are called sk^ 
'It leaves, in which the 
tlular part has been 
moved, and the fibro- 
iscular left. 

:i7l3. The vascular 
■slim of the leaf ia dis- 
iiiiitt:d through the eel* 
liiT tissue in the form 
simple, or hrane/ud 

■m. The paretwhi/- 

{para, beside or 

between ; cht/ma, &ay 

thing spread out, a tissue) of the leaf is the cellular tissue si 

ing the vessels, and enclosed within the upper and uudcr oatiolgq 
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278. It is formed of two distinct series of oelle, each containing 
cUoFophylle, or green colored gronuleB, but differing in their form 
and arrangement. This is best seen by making a vertical section of 
a leaf and examining it by the niicroBOope. One of these layers is 
connected with the apper snrfaee, and (^onaiata of compact oblong 
cells placed endwise (Fig. 82, a] ; the other, eonnected with the lower 
side, consists of loosely aggregated cells, having niuneroua cavities 
between them (6), and, when these oella have an elongated form, 
their long diameter is always parallel with the cuticle. 

279. The cells on the upper aide are usually placed close to each 
other, without any space between them, except in eases where Hto- 
mata occur (e). 

280. The figure (S2) represents a section of a mdon leaf, per- 
pendiculoT to the surface. The upper cuticle is marked c; it shows 
liairs {i^ on its surface, and two openings of atouata (e). Below the 
upper cuticle are layers of oblong cells {a), with two spaces between 
tfaem (/), communicating with atomata. The lower cuticle (g), also 
exhibits hairs and stomata ; and above it are layers of loose cells (6), 
with numerous lucu\iee (openings, h). The vascular buudles running 
ihrongh the parenchyma are marked t. 

281. In a vertical section of a leaf of the common gnrden Balsnni 
{Bmlsamina hoHensis, Fig. 63), we 

the upper cuticle at a ,• iu the sect 
from which tbo drawing was made, 
though only one layer of cells thi 
there are two, and three iaijera of 
npper and under cuticle. A dou 
series of compact, oblong cells, bene; 
the upper outicle are shown at'i, 
smaller cells, belonging to the centi 
and under portion of the leaf, c ; 
tween this hijor are two Kpiral vesti' 
d; the under cuticle, containing 
merouB stomata, e. 

282. The green color of leave 
wholly due to the rhlorophyllo [chloros. IH^^BHH^^^^^^^^I 
green; pAyCwm, a leaf) contained in ■'>>"""f-"^""i.''"r..fr.:iipni. 
the oblong and other shaped cells; in this respect these cells bear 
very close analogy to the color-prod ueing or pigment [paint) cells 
of the human fainily, and other aoiuak. 

283. The dark color of the skin of a negro, or of an Indian, is 
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Bololy due to the eecretion of color-cellg, or pigment, in 

r„- lij '^y^"" "^ ^^^ ^^'° ' ^^ hupmn hair, and the I 

I of animals, depends for its color on a lilce m- 

cretion within the cells of the pith and cortical 

BubatoDce ; and the black, or choroid mat of tba 

, in man and animals, is solely c 

lute cells, filled with iufinitfisimal f 

I of a black paint. 

284. It is interesting tu observe that J 
mL- law is in operation to give otjlor t< 
leaf of a tree, aud the tikia, aud other p 



285. It only remains to show the vasoular 
syBtciii of a leaf, and fur this purpose, the leaf 
of a clteri-y tree is selected. Here the stalk 
(petiole) ends in a single mid-rib (Fig. 84, a, a) ; 
lliis gives off primary veins (b), which subdi- 
vide into aecoudary veins (c), curving ( 
the niargin. 




LESSON XVII. 

OF THE 8TEMB OF TREES, 

286. The anatomical character of the stems of trees must noirl 
considered. This etructnre consists of the elementary tissue^ v 
ously combined, and arranged in different ways. 

287. In some plants the part which represents the stem is entire- 
ly composed of cells, which take the form of very narrow filaments; 
they are either simple or branched, as in some of the fungi and coo- 
terrsB, or they form an expanded tliaUiis, or frond (a term npplivd to 
the stem of certain plants, where the stalk and leaves are so iati- 
mately blended that they cannot be separated), In well formed, 
coDspioRous stems, cellular and vascular tissue arc both present. 

288. Such stems always have as the basis of their struotare • 
dense cellular parenchyma, in the midst of whieh is usually found 
fibro-vosuular bundles, or &ecicnli of woody fibres, with ducts of va> 
rious kinds, and generally associated with spiral resselB. 

269. It is in the mode of arrangement of these bundles, that ^ 
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importADt differenoe exmta between the plants called Endogenous 
and Exogertous; for In the former, the bundles are dlBperaed 
thronghout the whole diameter of the plant, without anj particular 
plan, the intervals being filled bj cellular tissue. 

200. In the latter they are arranged side by side, so that a hol- 
low cylinder of wood is formed, which inclndes within it the pith, 
whilst itaelf is enclosed in another (outer) layer — the bark. 

291. Bat there is yet another and lower form of vegetable life — 
Aerogens; in thcee the bundles of TesBels are simultaneously pro- 
duced, and the additions to the stem take place at the summit, by 
the union of the bases of the leaves — tree-ferns afford an example. 

292. Thus we have, 

Acrogens (from akros, summit; gennain, to produce), or sum- 
mil growers. 

Endoggns (from endon, within), or inside growtra. 
Exogens (exo, outward), or outside grmoers. 

293. But other and important distinctions still further define 
these three orders of plants, even in their earliest state. Thns, 
Acrogma have a oellukr embryo, which has no cotyUdon (Greek for 
seed-lobe) ; or, in other words, has no leafy appendages to the young 
plant; they are called therefore AcotyUdonous (a, without). Endo- 
gens have an embryo with one cotyledon, ond when sprouting send 
up a single seed-leaf; these therefore are called Monoeoiyledonous 
{monos, one). Cogens possess two such seed-lobes, or cotyledons, 
and are called Dieotgledonous (dis, two). 

294. Consequently, Acrogens are Acotyledonoua. 

Endogens are Monocotyledonous. 
Esogens are Dyootyledonous. 

295. In all parts of the globe, Exogena are by fer the most nu- 
merous of the Vegetable Kingdom ; the forest trees of the World 
are Exogeos, although in warm climates they are found associated 
alike with Endogens and Acrogens, which, in such climates, are 
more abundant, and attain greater size, than in more temperate 
regions. 

296. In its external aspect the Acrogmous stem greatly re- 
sembles the Endogtns; it is unbrauchcd, usually of small, nearly 
nniform diameter, and produces leaves at its summit (Fig. 8'i). 

297. The Tree Ferns, which furnish the best example of this 
kind of stem, are met with only in hot climatea 

In India, they present a stem (ram six inches to eight inches in 
diameter, and attain a height of from fifty to sixty feet. 



TaOKUHLS FHTSIOLOOT. 



[uEBStn^ 




The folisgo, oousisting of leares 
ten or twelve feet in leDgth, ie alwnjrs 
produced at the sQiatnit ; and, u the 
stem coDtinaea to grow, the learca 
moke an imjiressioQ oa it whieb be- 
comes permanent, and adds grsattj to 
its cxteroal beauty. 

For the reason above ^ven, tbia 
fltem may be known at a gbmoe; bnt, 
if a doubt exist, it will be immediately 
removed by examining its iDternal 
structure, as seen in transverse sec- 




JH BcrogenouB stem (Fig. 86), Bbmrs a 

_ _^^^L circle of vaeottlar tissue compoeecl of 

t^^^^^^^K^^ mosses (a), of vuriuus forma aod 
^- -~ ;j" " sizes, situated near the cirotunfer- 

ence; the centre (J) being either 
hollow or formed of cellular tissue. On the outside of tbo vas- 
cular circle, cells exist (c), covered by an epidermal Uyer (#), 
often of hard and dense consistenoe, originally formed by iho bura 
of the leaves, which remain for a long time attached to the stem. 
The vascular masses (a) are bordered by dark-colored woody fibres 
(/); the pale-colored vessels, generally Healariform, which occupy 
the centres of the vascular masses, are shown at g. The vaacolai 
system ia of greater density than the rest of the tissue, and is osnaUy 
distinguished by the dark color of the layer which surroDnda tbe 
paler vessels. 
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299. Endosenoui sterna have no separable bark ; no distinct con- 
centric circles; the vascalar circles are pro^esslve and dcfinit«, the 
eoliditjr diminishing from the circumferenoo to the centre; no dis- 
tinct pith; no medullary sheath nor medullary rays; the cellular 
tissue being interposed between the vascular bundles. 

300. For the ^1 development of the Eudogen we must seek hot 
climates, — there it is that its peculiar mode of growth is seen in per- 
fection. The palms and screw pines offer the best examples; the 
former have simple, unbranched, cyliDdrioal stems, attaiuiug to a 
great height, and covered by a large mass of remarkable foliage. 

301. The peculiar structure of this order of plants, will be best 
eeen by reference to the ocoompanying figures; the first (Fig. 87, A), 
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is a transverse, and the second (B), a longitudinal section of the 
eame stem ; the letters in both refer to the like structures. 

302. I» its early state the Endogenous stem consists entirely of 
oellalar tissue; but as it increases in age, vaeoolar bundles are pro- 
duced, and these consist of woody fibre, spiral, dotted, and lactiferous 
vessels, 

303. The cellular tissue (a, a, a, a) is here Been distributed 
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tbroughont the section ; from the outer layer of it, whioh repreaents 
the bark in the JExogeUj to the internal portion which, in the 
order, would be the pith — it is, in fiict, only interrupted by the 
cular bundles. 

304 The dotted vessels are seen at 5, &, 5, b; c, c^ e, e, are the 
woody fibres, and d, df d, d, the spiral vessels. 

305. From the peculiar mode of growth of the Endogenous stems 
they have perfect immunity from the effects resulting to Exogenous 
stems, of the parasitic plants which cling to, and climb around them. 

306. In the Endogenous stem the soft part is internal^ whereby 
the outer portion, from its greater density, is enabled to resist the 
pressure of the climber ; but in the Exogenous stem the scft wood is 
external^ and consequently yields to the least pressure, and climbing 
plants, therefore, make deep and permanent indentations in the 
latter. 

307. Some Endogenous stems grow with such rapidity, that the 
sudden increase of the outer part occasions a rupture of the central 
cells, and by this means the hollow in the stems of grasses is pro- 
duced. 

308. The vascular bundles, in the Bamboo^ cross the stem, and 
form a series of partitions which divide the cane, and give it a jointed 
appearance ; between these partitions, however, the central cells have 
been ruptured, in the manner above alluded to. 
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THE EXOGENOUS STEM. 

ft 

309. Like the Endogenous, the Exogenous stem in its earliest 
condition is wholly cellular. 

310. By degrees, and as the plant increases in age, the cellular 
tissue begins to be traversed by vascular bundles, which soon di- 
vide the stem into two marked portions ; one of these forming the 
central pith^ or meduUa ; and the other forming the oortical bark, 
covered with epidermis. The connection between these two portions 
(pith and bark) is maintained by lines of cellular tissue, called me- 
dullary raysj which are interposed between the vascular bundles. 

811. The complete structure of mature exogenous stems, whioh 
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die down annaallj, consista of a central eeUular pith, n circle of vas- 
cular bundles in the form of wedge-shaped masses, an external bark, 
with Us integnmeiitaiy oovering, and rat/s connectiiig the pith to the 
iark. 

312. In stems which are not annual, the growth of the second 
year oonsists of a new formation of vascular bundles oatside tbe pre- 
riously formed layer, between it and the bark. 

313. Between the pith and bark also, there are annually formed 
» loyer of active, formative ceila, called cambium cells, which are 
ooQceroed in the development of new woody fibres. In illustration a 
transverse aeotion of the maple ^^^ ^^ 

(Fig. 88, A) is shown, at liie com- 
mencement of its second year's 
growth ; a longitudinal section of 
the some plant (B) is combined 
irith the former, and the letters of | 
reference apply to the like tissue, 
in both sections. 

Sll. The layer of spiral vessels 
which sarround the pith, and con- 
etitnte what is called the medulla- 
ry sheath, are seen at a ; the me- 
dullary rays pass through this 
layer, at different points, to the 
Wk; at b are the porous or pitted ' 
Teasels, presenting (in A) large 
rounded openings; c, e, fibres formed of fusiform tubes 1 to 

the right hand marking the fibres forming the wood of the stem, and 
tbe letter to the left, those which form the cortical fibres of the inner 
bark; d, cambium cells, between the wood and bark; e, e, cortical 
cells, often of 2 greenish color, forming a cellular layer of bark ; /, 
outer cellular layer of bark, composed of cubical colorless cells, often 
of ■ coriy nature, and hence called suberous ; ihw cortical layer is 
covered by the general integument, or epidermis. 

315. Thus, at the commencement of the second year's growth, 
there is a distinct formation of cambium colls, by the action of which 
a new layer of wood and a new layer of, fibrous bark is formed, and 
these cambium cells, being in connection with the medullary rays, 
keep up the connection between the medullary and cortical cells. 

816. It is exceedingly interesting and instructive to notice the 
changes that take place in the permanent woody stem of the exoge- 
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none plant, after three years' growth ; this U Bhown in Fig, 89. The 
yeurlj growth of the woody fibre is marked by the figures I, 2, 3, 
and the eame letters apply to like tissnes in both fignres, A being the 
tr&ngveise and B the longitudinal seotion. The pith, a, a, connating 
of hexagonal cellular tissue, b, b, h, pitted or dotted Tesaela, uid e, e, 
c, woody fibres of successive bark ; d, rf, spiral Teasels of the mednlkr; 
sheath ; «, s, layer of cambium cells, between wood and bark ; f,f, 
inner fibrous layer of bark , g, g, cellular envelope, forming middle 
layer of bark; h, k, outer corky kycr of bark; t, t, mcdolUpy r»y 
which, in the transverse section (A) is seen rountng without inlerrnp- 
tion from the pith to the bark; but m the logitudinal seoticm (B) it 
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is mutilated, ow nj, U ho si ht flexure wL h usually occurs Hud 
which generally pre ents us f om trac ng the ray n an uod v ded 
straight line, when the stem s cut long tad nallj 

317. Thus it will be found that the I ssues ha e been produced in 
the following order first year the p th urrounded by sp rat vessels 
or medullary sheath outa de of wh ch are the p tied vesseU and 
fibrous tissue of the first year's growth. 

318. In the second year, the pitted vessels succeed to the woody 
fibrous tissue of the first year, and these vessels are followed by the 
deposition of woody fibre, forming the second annual layer. 

319. The third year commeooea with the formation of pitted ves- 



LESSON so.] THB SBMAININa TISSUBS. 55 

eels, succeeded by woody fibre, as before ; but now the bark most be 
formed : it has existed ahready twice before ; but, when no longer re- 
quired as such, its structure has become transformed into the woody 
fibrous tissue — ^in many Exogens, however, its elements remain 
permanently. 

320. To the woody fibres, cambium ceUs succeed, then, the inner 
fibrous layer of the bark ; next, the cellular envelope, which forms 
the middle layer of the bark; and, lastly, the outer corky layer, cov- 
ered with epidermis. 

321. It is only necessary, now, to describe briefly the characteris- 
tics of these tissues severally, by way of recapitulation, and first- 
ly of— 

322. The toood. — The layers of wood are formed outside the me* 
doUary sheath, or the vascular zone which surrounds the pith. 

823. They consist of woody fibres^ mixed with dotted ditcts, oc- 
easionally mixed with annular, reticulated, and spiral vessels. In the 
young state the tubes of the woody tissue are pervious, but by de- 
grees they fill up by the deposit of lignine within them. 

824. In old, exogenous trees, the central wood is hard and dura- 
ble, constituting the Heart-wood^ while the external layer b soft, and 
fivnns the Albemum or Sap-wood. 

825. The ligneous matter forming the heart-woo4i of some trees, 
aotjuiresoobr; thus it is black in the Ebony, brown in the Black 
Walntdf yellow in the Barberry and Juda^-tree, purple in the Bed 
Oedar, and green in the Ouaiac tree. 

826. The proportions between the heart-wood and alburnum dif- 
fer greatly in diiSerent trees ; those, however, in which the hard wood 
predominates are best suited for building, and better adapted to with- 
stand the attacks of insects, or the wet or dry rot. 

327. The durability of wood depends on the nature of the lignine, 
and this greatly varies in different trees. 
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LESSON XX. 

THE BEUAINIHO TI88UE8. 

328. The Medullary Bays. — These consist of flattened, cellular 
tissue, having the appearance of bricks in a waU ; in the young stem 
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these rajs are large, but in the more advanced woody stem, they ap- 
pear as lines only. This tissue constitutes the " silver grain '' of ma- 
ple, and other trees, when cut in the direction from the pith to the 
bark. 

329. They do not proceed in a continuous line, however, from the 
top to the bottom of tiie tree, but pass through the woody fibres in 
such a way as to be interrupted in their course. 

330. The medullary rays in some plants {Clematis) are large and 
broad, while the woody wedges are comparatively small ; in most exo- 
genous plants these rays are complete, but in the Cork-oaky and 
Others, they only extend partially through the stem. 

331. Cambium Layer, — This layer is found between the wood 
and the bark, and has been originally connected with both. 

332. It is composed of a layer of nucleated cells, formed in a 
mucilaginous fluid called Cambium, and they are concerned in the 
formation of the woody tubes of the inner bark, and in the addi- 
tions made to the cells of the medullary rays. 

333. In the Spring of the year, during the flow of the sap, these 
cells are actively engaged in the process of growth, at which time the 
bark may be easily separated from the wood. 

334. Ths Bark. — Originally this tissue is composed of uniform 
cellular tissue, cesembling that of the central part of the stem; trans- 
formations take place, however, in the progress of growth, by which 
fusiform (spindle shaped) tubes are formed in the inner portion of 
the bark next to the woody circle. 

335. This portion is called the inner bark ; it consists of woody 
fibre, avd some lactiferous vessels ; it is the fibrous part of the bark, 
and is frequently called Bass, or Bast tissue, 

336. These fibres are long and tenacious, and are employed ex- 
tensively for economic purposes; those of the Lime-tree, Hemp, 
Nettle, and Daphne cannahina, are employed for different articles 
of useful manufacture. 

337. Sometimes the fibres separate, so as to form meshes, as in 
the Lace-bark tree ; at other times they form a continuous layer, as 
in the Horse-chestnut, 

338. The most remarkable &ct in connection with woody fibre, 
is its immunity from decay ; worn to rags, in an apparent state of 
thorough disintegration as linen, it is doomed again to meet our gaze 
in a new form as paper. 

339. The value and importance of woody fibre, as applied to do- 
mestic manufactures, cannot be overrated, and appears to have been 
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knovn al a very earlj period o^the world's history; thus ire find 
tbat the anaieot Kgyptians wert as wotl acquainted with the value 
and importance of flax, ad employed in the oonstructioD of Imeu, as 



840. They used it cxpreSBly for this purpose, to the exclusion of 
every other vegetable tissue ; the mum raj- cloth, in which the bodies 
of the dead were enrolled, and of which BUah araaEing quantities were 
used, DO leas for the mummified remains of cats, the Ibis, bullocks' 
heads, &c., than for the needs of poor humanity, was comprised en- 
tirely of _fiax. If the deceased person chanced to be a King, or a 
Priestess (probably, also, any very distinguished person), a layer of 
beautifully "Jcne linen " was placed next to the body. 

Sll. Belioni, the celebrated Egyptian traveller, brought to Eng- 
laod, and placed in the British Museum, the Sarcophagus, containing 
the body of a King, exhumed from the tomb of the ancient Kings of 
Thebes, The Sarcophagus was in the last stage of decay, but the 
vtgftahU papyrus, which recorded the rank of the deceased, and the 
date of his demise, together with the several layers of mummy cloth, 
were as perfect as though made yesterday I And yet this body bad 
lain in the tomb upwards of Jive thousand years ! 

342. But a still older mummy may be seen in the Mucsum of the 
Vatican at Rome ; the individual is admitted to have lived contem- 
poraneously with the Patriarch Abraliam — yet the mummy cloth is 
by no means decayed I 

343. These facts are well known to persons possessing Micro- 
scopes, and curious in such matters, who have had no difficulty in pro- 
oaring Bpeoimene for examination.* We have seen that the layer 
placed next to the body was of fine texture, and free from bitumen ; 
tie layer which succeeded this was somewhat coarser, and imbued 
with bitumen (mineral pitch) slightly. Of the remaining layers, 
each one was coarser than that which preceded it, till the outer layer 
waa remarkably coarse, strong, and close in texture. The hitumcD 
iooreased with the coBrsenesa of the cloth, so tbot the outer layers 
were ptofectly saturated with it. 

344. If the Egyptians constructed their mummy eloth oi fiax, 
the ancient Peruviana, who also embalmed their dead, invariably em- 
ployed cotton for this purpose, and the only mode of discriminating 
between Peruvian and Egyptian mummy cloth, is by submitting them 
to the Microscope. 
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345. The woody fibre of flax aaA liemp is chiefly employed by us 
for economic purposes ; in the Phili^ine IsUnds the fibre from the 
leaves of a plaintain is used ; in Mexico the leaves of some wild 
species of pine-apple famish a similar sabstance ; an endless variety 
of plants are used for cordage, for almost every oomitry applies its 
own plants to this purpose. 

346. Our obligations to woody fibre are infinite; without its aid 
we might forego the luxury of a shirt to our back, sails and cordage 
for our ships, or a door-mat upon which to clean our shoes ; without 
its assistance this book could not have had existence, for the paper 
upon which it is printed, and the wood upon which the engravings 
have been made, are— woody fibre. 



PART II. 
AlflMAL PHYSIOLOGY. 



LESSON XXI. 

THE OBIOmAL COMPOUNDS OP THE ANIMAL BODY. 

347. The egg of an Oviporous (egg-laying) animal, is found to 
consist of two parts — ^the jelk, and the white, as it is called. The 
yelk is incapable of forming a tissue, and is destined to be entirely 
converted, by the process of incubation, into cells. The white is 
known to chemists by another name, that of albumen, and this is 
found to be the most universal and important constituent of organ- 
ized beings. 

348. Albumen, through the aid of a series of chemical and vital 
processes, becomes nerve, rrmscU, tendon, ligament, membrane, 
areolar tissue, homy substance, feathers, the animal portion of 
bone, tie. 

349. These remarkable changes are not confined to the embryo, 
or the young condition of an animal, for, on the contrary, they are 
constantly taking place through all the phases of adult life. By the 
wonderful chemistry of digestion, all substances of similar compo- 
sition are reduced to albumen, which forms an essential part of the 
fluids absorbed for the nourishment of the tissues. 

350. When (Gelatine (calves-foot jelly) is consumed as food, there 
is little doubt that it becomes associated with the general circulation, 
but the doctrine of Chemical a£Einity appears to prevail in the organ- 
ization of tissues — ^like joins like— so that on this principle the 
gelatine goes to where it belongs — to the gelatinous tissues — ^the 
bones and teeth. 
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351. Nervoa, mnsclcs, ligamentg, teodonB, are not gelatinons ; 
this element forme no part of tlieir Btrncture, and consoquently t] 
capiUariea belooging to these tissues respectivelj, refoae to reoogi 
itB presence, and past it on. 

3>')2. Albameu exists in a soluble state in animal fluids ; it t 
be easily dissolved in water, when it forma a glairy, colorless, anil 
almost tasteless fluid. Id this state, however, it is always found 
oonibined with a minute quantity of free Soda ; hence it is supposed 
tbnt ptire Albumen is insolubU in water, and requires the assistanoe of 
an alkali. Whether in ita soluble or lusolable state, albumen always 
contains a small portion of sulphur, which blackens silver; for this 
reason a silver spoon is made black at the breakfast table, when eg^ 
are present, and to avoid this contingency many persons prefer to use 
a bone, or ivory spoou, wili eggs. 

353. Albumen shows no disposition to become organised, or to 
form tissues ; but after its introduction into the body of a living 
animal, it changes into another compound, having new and peculiar 
properties, oalled Fibrine. 

354. According to the analyals of Damas, the ultimate cotnpo- 
sition of Fibrine, and Albumen, shows that the former contain! less 
Carbon, and more Nitrogen, than the latter ; the chemical oon^ 
ution of these elements docs not appear to be of much account ■ 
the transformation of Albumen into Fibrine is much more s rt^ 
than a chemical process. 

355. Like Albumen, Fibrine may esist in a soluble, or in a co- 
agulated state ; but it is only found soluble in living animal fluids, 
as tie Chyle, Lympb, and Blood. When withdrawn from the blood- 
vessels, the Blood soon coagulates, as do also the Chyle and Lymph ; 
this coagulation is due to o change in the condition of the Fibrine. 
the particles of which have a tendency to aggregation in a definite 
and peculiar manner. This process is called Jih-illaiion, which 
seems to be allied to crystallization. 

356. A single fact will suffice to show the close chemical relation 
Babsisting between Albumen and Fibrine, that from both of these (HI 
less than from many vegetable substances used for food] a simitf 
substance may be obtained by a simple process. 

35T. If boiled Albumen be dissolved in a weak solution of ci 
tic alkali, and the liquid be neutraliKcd by an acid, a precipitate falls 
down in grayish whit* flocks ; this being collected and washed, is 
gelatinous, of a grayish color, and semi-transparent ; and when drieq 
it is yellowish, hard, easily pulveriKed, tasteless, insoluble in 
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uid aloohal, and decomposes by heat without fusing : this substance 
has been c&lled Proteine, from an idea that it is the first and funds' 
mental principle of which Alhumun, Fibrine, &c., are but modifioa- 
tione. It contains the same proportioue of Carbon, Hydrogen, Osy- 
geo, Eind Nitrogen, as Albumen and Fibrine ; but it is destitnte of 
Sulphur and Phosphoros; Liebig, however, doubts the latter as- 
sertion. 

358. Albumen shows no tendency to coagulate, except by the aid 
of chemical influences, and its ooagolum is devoid of structure. 
Fibrine exhibits a constant tendency to form solid tissues, and it 
appears only to be kept in check by the operation of influencea not 
onderBtood. It is highly probable that the production of lamors, 
and morbid growths, in the interior of the body, no less than upon 
its external surface, owe their origin to the persevering tendency of 
Fibrine to form tissues ; exhibited at a period when the law (what- 
ever it may be) that should govern it, is in abeyance. Certain it is 
that a great number of adventitious {accidental, extrinsic) growths 
when microscopically examined, eonaist only of Jibriltated Jibrine. 

359. The conversion of Albumen into Fibrine may be regarded 
SB the _first great step in the process of mdrition; the mode by 
which the varied materials used for food, are made to form a part of 
the tissues of the living body. 

860. Fibrine first makes its appearance in the Chyle — the fluid 
fbnnd in the Lacteols (Jacta, milk) ; Giyle is the immediate product 
of digestion, and will be more fully explained hereafter. 

361, The proportion of Fibrine in the blood, as indicated by the 
firmness of its coagulum, is much greater than that contained in the 
Chyle, and in certain conditions of the blood, resultmg from disease, 
the proportion of fibrine is increased to twice, thrice, or even four 
times its usual amount. 

362. In the process by which injuries to parts are repaired, there 
is an exudation of fibrine ; this is said to form plastic, or coagulabie 
lymph. 

863. In exudation, the liquor sanguinis (fluid portion of the 
blood) is alone poured out, and thia fluid holds the fibrine in eolu- 
Uon ; the solid portion (red corpuscles) takes no share in this process 
of reparation. 

364. When describing the latex in plants, a comparisan was in- 
stitated between its properties and the properties of the blood in ani- 
mals, particularly in relation to Its ability to form tissuefi by a process 
of cgagulation. 
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It was to this particular principle of exadtitioD of tlie pit 
lymph, wliereby n Dcn tissue tnaj be formed without the ageni 
developmeut by cells, that the comparison was iuteuded to apply. 

365. Examined by the miuroBcopc, it will be scea that the 
mode by witch tisaaes are conetruct^d out of fibrine, conabts 
tissue of densely matted fibres, which cross each other in every pofr 
Bible direction ; tbts can be well eeea in the Grassamentum, or clot 
(the solid, colored portion) of hnnian blood, or of tbo blood of any 
other animal Tbo clot should be hardened by boiling, and thin 
slicea of it made witb a aharp nmor ; the fibres (Gbrilkted) of fibrine 
will be clearly seen, and in their meshes, or interstices, the red cor- 
puscles. The arrangement, however, of the fibrine is still better Been 
in the Bujfy coat, or fluid portion of the blood which arises above 
the sufface of the clot 

366. Tfaia mode of tissue forming is not limited to tbc process of 
repair ; there are certain distinct tissues in the Animal Kingdom, 
alwayB, and ulone formed on this principlo- 

If the Hen's egg be boiled moderately hard, the wbito will dis- 
play a tough, semi-transparent menibrane in whieb it is enclosed, and 
which separates it from the shell : it is called Membrana putaminxi. 

367. If this membrane be macerated in water for a few days, it 
may then be separated into layers — many of which will be found to 
enter iuto its compoaition ; — examine one layer by tlie microscopu, 

and an appciLruuce will present itself Uke 
I Fig. SO. Now drop a piece of the shell 
I into Acetic Acid, which will quickly re- 

the Carbonate of lime, with 
I the animal membrane has been 

; eaamine this membrane with 
I microscope, and it will then appear 

the animal basis of the egg sbell is a sim- 
' pie matted tis.iue of fibrillated fibrina 
offering its meshea as receptacles for the 
deposition of the mineral matter. 

Hero, then, is an animal membrane deatitnte of blood-vessel^ 
and wholly formed by the consolidation of Fibrinous elements. 

368. Wounds that are said to heal (in surgical language) by " the 
first intention," are really knit together by the plasticity of tho co- 
agulable lymph, as the liquor sanguinis of the blood is called; ia 
other worda, lymph is thrown out from each lip of the wound, 
extending across to, and joining the other lip, the lymph fit 




;kly re- 

vitb ^^^H 

iar 1^^ 






(fonuB fibres), by vbicb process the lips (say r. oat finger) are brought 
I togetLer. and pormauently laced by tliL' newly formed fibres. In 
this opentioD lymph ia thrown out io excess, and the porttoD of it 
that cannot be oeed, dries up, by eipoaure to the atmosphere, and ia 
invariably of a yellowish color — never red — thereby ahowing tlie 
absence of the red corpuscles in this process. 



LEB80K 2XII. 

OF CELLS, WEHBEAKE, AKD FIBBE. 

i history of the vegetable cell has already been 
the history of the animal cell ia in every respect precisely eimilar. 
Bo perfectly identical is the cellular tissue of a plant, and an animal 
oellutor tiseae, that the microscope fails to detect a point of differ- 
1, too, we consider the number of diverse animal tissues 
having a cell-structure for their basis, thia fact is cot a little remark- 
able. 

Still, there are important differences between them, which the 
€hcmist con detect, although the microscope in this respect is 
powerless. 

370. We have seen that the cell-wall of a plant is composed of 
celluhae ; the animal cell-wall is equally traosparcot, and possesses 
bU the other microscopical characteristics, but it is chemically differ- 
ent ; every animal cell-wall is solely composed of an animal element, 
namely, Prottine. 

371. Great difference exists in the contents of animal cells ; thus 
the cells which float in the Chyle, the Lymph, and the Blood, the 
latter devoid of color, have no iirtgle nucleus, but a variable number 
of scattered particles in the nature of nucleoli {little nuclei), each of 
which obtains an independent existence by the bursting or absorption 
of the cell-wall : here, again, is a vegetable parallelism. 

372. The liberated nucleoli float in the fluid, till they, in their 
turn, mature into perfect colls. 

In animal, as in vegetable cells, the nucleus appears to be the 
all-important portion of it; the membrane appears to have little 
else to do than simply containing and isolating it. 

873. In many animal tissues the multipUetrtion of the cells can 
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be distinctly traced to tbe spoat&neoua division of the naoleus, 
plants. 

374> A good esnmple of this fact is met vith in tbe di 
^ _ ment of Cartilage ; ifweeiaminc 

I Cartilage (or the Cartilage of 
nnimats), where the tissue ia in a state 
of active formatioD, gronps of cells will 
I be found, the nucleus Rometimes entire, 
I sometimes just divided, and oilier m- 
I amplea iu which division and subdivisioD 
I (into four parts) have taken plane (Fig. 
I 91); the primary cells (a) ooutaiii an 
re nucleus ; Iho seoondajy oells (J) 
V tjio division into four nnoli 
while the remainder of the coUb 
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ply demonstrate division. 
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375. All animals possess a very large amount of what haB been 
improperly called Cdlvlar tissue ; this term is now restrioted, how- 
ever, to those tissues which are found to consist of a oongeriea of 
cells, and the word Areolar has been proposed (and adopted) in place 
of Cellular tissue. 

Examined by the microscope this tissue is found to consist of a 
net-work of minute fibres and bauds, interwoven in every possible 
direution, leaving innumerable interspaces communicating with each 
other. When a butcher kills a calf, he makes a small hole in the 
skin, applies his mouth, and blows into it ; by this meaas he distends 
the whole body, because he has inflated the areolar tissue. If tiw 
human body, the body of a dog, or of any other animal, be allowi 
remain in the water after death, gas is generated as the result fi 
cipient decomposition ; it fills the meshes of the areolar tigBaq, j 
distends the body enormonsly ; as a consequenco of its great tUv- 
anoy it is enabled to float on the surface of the water. 

376. The fibres which enter into the composition of Areolar tis- 
sue, designate two other distinct tissues, I e., the white jibrous and 
the yellow fibrous tissues; both of these have an independent exist- 
ence, however, in other parts of the body. 

377. Thus the white fibrous tissue exists alone in LigameDta, 
Tendons, Fibrous Mcmbraues, &-c., where it presents precisely the 
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same cb&rooters as nbeQ it is foiuid associated with the jellow ele- 
ment to form areolar tissue. 

The jellow fibrous tissue exists separately in the middle coat 
of the Arteries, the Ohordse vocnlcs (vooal cords), the Ligameutum 





Wlilte Flbrout Tluue, 



nuchte {or soBpensory ligament, which supports the head), of qnad- 

378. The white, called also the inelaHtic fibrous tissue, consists 
of hands (Fig. ^'2) which run parallel with each other, and form a 
sariea of wavy lines ; they appear to be composed of a iiuiober of 





component fibres; it is not bo, however, since do manipulation can 
BUoceed in separating them. Areolar tissue from many parts of the 
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body ia found to bo composed of the two elements ; Ih^t ia to w^, 
of the white and yellow Bbroua tissues. If the areolar, or eellolar 
tisane, beneath the pectoralia major nioacle (large moscle of the 
obcat] be examined, mioroBcopically, these elements will be we 
clearly as in the subjoined figure (Fig. 03) obtained &om this H 
tioD ; a shows the white and b the yellow fibrouH tissue. 

p,^ ^ 879. The yellow, or elastic fibre, ■ 

&P8^S&SSH long, branched filumenta, with a dark 1 
fff^K^A»B40 and always curling when not put on the streteh 



. This tissue is seen in great perfection 
I the Strang Ligamenium nucha of the Ok 
SS^^SCSKSf (Fig. 95), and its teudoucy to curl at the ends is 
Liw.m""ijm"nudi"L;'. Well marked ; a transverse section of the aame 
tissue is shown at Fig. '6Q. 
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4 ANIMAL FLUID. 

381. If the hmnan blood be examined by the Miorosoope, or, 
still better, the circulation of the blood in the web of the Frog'sfoot, 
a great number of distinct bodies, or cells, will be seen floating in in 
invisible fluid. The cells are the red corpuscles, characteristic of ths 
blood in alt the red-blooded animala ; the fluid in whioh they float ia 
the liquor Banguinia. 

3S2. The red corpuaclea have been called " globules " — an im- 
proper name because untrue. Their figure differs in varioiu animals, 
but they are not globular in any. In man, aud the mammalia, they 
are flattened discs, slightly ooncare ou both sides ; in all the Oripa- 
rous (cgg-bcaring) rertcbrata, they arc ovat, aud of much greater Biie 
than in the mammals, or man. 

383. That the corpuscles are very elastic ts proved by the alter- 
ation of figure which they undergo in passing through narrow capil- 
lary blood-vessels, parlicnlarly when poking the beat, or rounded 
part of the vessel ; as soon as they have more room, they instantly 
recover tbeir original figure. 

384. The size of the corpuscles not only greatly difi«rs m varioos 
Js, but even in the sauie individual — some being met with aa 
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much M a third larger or smaller than the average. The awe of 
the animal offers no criterion for the size of the blood corpuscle, al- 
though it is true that thej arc largest in the elephant of all the mam- 
malia, he being, at the same time, the largest mammal ; but the pigmy 
moose tribe (Fig, 107] possesses corpuscles many times larger than 
those of the musk deer {Moichus Javanieus). 

38n. Much controversy has existed amongst microecopists aa to 
whether the humau blood discs contain a nucleus or not Reasoning 
from analogy Ihey ought to possess a nucleus, and many obserrera 
baTG a firm conviction that they can plainly detect it. In all the 
Ovipara it certainly esiats, and can be rendered apparent by Jissoli-- 
ing the external envelope and setting the nucleus free. A represen- 
tation of the corpuscles of human blood is given (Fig. 97) ; the 
preparation from which the drawing was made ^^^ ^. 

is dry, and it can be placed in focus, so as to 
show a very distinct, red colored nucleus (a). 
Those who deny the presence of a nuoleua, at- 
tribute the effect of color to refraction. 

386. The membrane which forms the cell- 
wall of the corpuscle is readily permeable by 
fluids, and under their influence its form is 
easily altered ; treated with water, the liquid 
readily paases into the cell ; firstly the disc becomes flat, then double 
convex, so that all trace of the nucleated spot is lost ; afterwards it 
becomes globular, and in the end it hursts— the contents (whatever 
they may be) escaping. But if treated with a thick syrup, or albu- 
men in solution, their contents will pass out, and the oell-wall assume 
B shrivelled appearance ; the first effect of this treatment is to increase 
the concavity, and render the central spot more conspicuous. 

387. It has been stated that the size of the human red corpuscle 
varies, and according to accurate measurements it appears to range 
from the l-4,000th to the 1.2,800th of an inch ; probably the aver- 
age is about the l-3,'200th. 

388. When inflammatory action exists, the red corpuscles have a 
great tendency to aggregate and form rovleau {b, Fig. 97); this 
condition is so certain that frequently when fingers have been pricked 
to show tlie blood obtained, to a party of assembled guests, one of 
them has thus demonstrated the presence of slight Inflammatory 
Kotion. 

889. From a series of experiments made upon the frog's blood, 
tlie oorpuaclcti of which are shown in Fig. 9S, it appears that the nu- 
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cleos ooDsiata wholly of Fibrine ; th« blood of & 
frog VBB placed upon a slip of glass, and Bligfatly 
diluted with water ; in due time the cell meubnuie 
dissolved, and liberated the oncleL These main- 
tained their integrity for a time, bat in the end be- 
gan, inseuaibly, to dissolve. They firstly beoome 
completely spherical, and shortly afterwords, the 
sphere simultaneously dimbishing, and the water 
evaporating, a number of radii suddenly sbot oat 
from all that remaiued of the nuclei, and this process coatisued un- 
til the water had oompletely evaporated. The dried preparation be- 
ing examined, disclosed fibrillation of fibrine emanating from the 
nuclei respectively ) but the water being insufficient to complete 
their entire resolution, portions of the majority of the nuclei ra- 
mained, and are litill permanent (Fig. 30). This expeiiment n 
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pealed several times, with the like uniform results, and six prepara- 
tions exist to confirm thene facta. In every inatanoe the cell-wall ap- 
peared to dissolve entirely, and exhibited no tendency to fibrillate; 
moreover, the fibres of fibrlno are, in every instance, distinctly seen 
emanating from all tliat remains of the nuclei. 

S90. The same experiment was made on the blood of a locust, 
with precisely the like reaulta {Fig. 
100). Here some of the blood cor- 
puscles are (comparatively) large (a), 
while others are minute (£] ; fat or oil 
a also seen at c. So great 
is the disposition for blood to Gbrillate 
when drawn from the body, that the 

Blood ifliiriib»i.g Fri.a. „^,,lgj of jlig f^gig l,l„oJ ^g^ f,g, 

qnently throws out fibres of fibrine, within tbe cell-wall, as illustrated 




0BU8 TLOATDTQ IN ASHUI. FLUID. 



69" 



I 



I 



in Fig. 101. This iliustrittioD has been magnified wilb an 
eighth object giftaa, to give greater size and diBtinctuess to the figure. 
The nuclei (u) will be clearli^ seen within the cells, and the fibres 
of fibrine range from four to seven in number ; in every uuttance thej 
can be seen to be pulled out, as it were, from the nuclei. This has 
been seen before bj Prof. Owen, bat miainterpreted {if the above 
facte be true) ; the Professor believed that the lines indicated a puok- 
erbg of the cell-wall. 

391. If these observations can be depended on, and tbey require 
confirmation by another experimenter, there seems to be great 
reason to believe that the human corpuscle contains a nucleus, and 
that its element is ohieflj fibrine. That the fibres of fibrine, in the 
experiments alluded to, really arose from the nuclei, and not from 
the colorless corpuscles, is rendered certain by the fact that all that 
remains of them retains the red color distinctly ; the nuclei, as will 
be seen by reference to the figure, are of all siaes — some moderately 
large, others quite minute. 

About on hour after a mosquito had made a meal, it was killed, 
and the human blood contained in its crop and stomach examined by 
the microscope. The nuclei {real or apparent) had disappeared, 
leaving only a faint ring (Fig. 102) to mark its place. 

Another mosquito was p,„ ,„, ,.„ ,„ 

killed three or four hours after 
a meal; in this instance, nd- 
ther nuclei nor rings could be 
discovered (Fig. 103); but in 
both instances the corpuscles 
retained their full size — appa- 
rently uninjured by the action of the digestive process, 
periments were repeated several times, with the same uniform resulla, 
and the preparations esist to confirm the accuracy of the experiments. 

The inference appears to be that the human blood corpuscle does 
contain a nucleus ; that its structure difiers from that of the cell- 
wall, and that it is far more accessible to the action of the saliva and 
the gastric juice than the latter, which remains intact long after the 
former has disappeared. 

392. The shape of the human blood corpuscle is discoidal ; so too 
in the mammalia; in the birds, reptiles, and fishes, it attains much 
greater size, and is more or less oval or oblong in sliape, as may he 
seen in the blood of the common fowl (Fig. 104). It has been said 
that the ostrich possesses the largest red oarposola of all the warm- 
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Hooded aoimalB ; but the subjoined figore of tbe oetrioh blood Q 
105), acourutelj copied from the preptirM 
Liid carefully drawn to Bcale, tends to disprorc 
Lliis assertion, as the corpuscleE of tbo fowl, 

I both ]ireparatioDs being examined by a fonrtb 
object glasa, are certaiuly larger. 

If the ostrich has borne the reputatioi 
pOBSca^iug the largest, there can ho no d^ 
that the beautiful little Musk Deer posaeaBM 
the smallest hlood corpuscles of all the wum- 
blooded auimalB. 

Magnified by a fourth object glass, they are 
™rpu«io.,o.triciL ^^j, jjj5„itesimal speeks (Fig. 106); for cow 
parisoB, the blood of the mouse is shown (Fig. 107). 

393, In additioD to tbe red corpuscle, all the vertebrate s 
possess also a colorless corpuscle (Fig. 108), which ia unifoc 
round, aod possesses a variable number of granular bodiea^fl 
uuoleoli. 

These bodies may be seen (in the frog's foot) in the same Tesselfi 
with the red corpuscles; they are very sluggish, apparently posaees- 
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ing greater apecifio gravity t!mn the red corpuscles; they cUng to 
the sides of the vessels, and only move when struck against by the 
red corpuscles. Occasionally it happens that a red corpuscle strikes 
a eojorless one up into the general current of the circulation, where 
it circulates for a longer period than usual ; but as soon as the im- 
petus of the blow bepns to fail, it drops out (apparently by ite own 
weight), and once more clings to the sides of the vessel. 

394. Tbe origin of tbe colorless corpuscle appears to be tbe fol- 
lowing : the liquor sanguinis receives constant fresh accessions of 
albamen and fibrine, the result of the digestion of the food. This 
has a tendency to alter the tpecifie gravity of that Jiuid (liii. san- 
guinis) : if this were to take place, and the density of the fluid be- 
come too great, the blood corpuscles (red) would scarcely be abl^b 
ntovc', but if, on the other hand, it became too light, the red a 
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clea would flow at a rapid rate, and Btmalate fever. Tbesc conditions 
of tbe blood really occur under the influeDce of disease; in a state 
of health it appears to be imperative that the liquor sanguinis main- 
tain a certain specific graritj, but still the weighty elements poor in ! 
What is now to be done ? 

To relicTe this state of things it seems probable thot the excess 
of albomen and fibrine is rolled up, in the solid form, to get it out 
of the way, and thus the speeifio gravity of the fluid is maintained. 

395, The observations, particularly of Mr, Paget, lead to the 
conclusion that these colorless corpuscles gradually change into the 
red corpuscles, aud if this theory be correct, the whole phenomena 
of their development is remarkably simple and heautifuL Firstly, 
the colorless corpuscle, formed out of the excess of the materials 
held in solution in the liquor sanguinis, takes on tbe solid form, 
in which it is no longer soluble; and secondly, the scries of gradual 
changes by which it becomes transformed, with new characteristics, 
into the red corpuscle. Mr. Paget's observations regarding the 
origin of tbe red corpuscle, confirm the experiments on the frog's 
blood, in regard to the fibrinous character of the nucleus, and offer an 
additional reason for believing that this body should and does exist 
in human blood. 

396. The colorless corpuscles appear to possess great power to 
reptur injuries. If the web of tbe frog's foot be artificially inflamed 
under tbe microscope, the colorless corpuscles will be seen to rush in 
considerable quantity from all adjacent parts, to the seat of injury, 
and there they remain till the disease disappear. 

If a boil, or other inflamed surface in the human subject, be 
pricked with a needle, and the fluid thus procured be examined with 
a microscope, it will appear to bo almost composed of the colorless 
corpuscles, thus demoostratmg their activity to cure disease. 



LESSON XXIV. 

" CELLS DETSLOPKD UFON FREE SUBFACES OF THE BODT. 



397. A great difference exists between the cells forming the ex- 
ternal surface of the body. Epidermis {epi, upon; derma, skin), 
or the cellular covering of the external surface; and the jfi^Ji'AWium, 
or the cellular coTeriug of the internal mucous membrane. 
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396. The Epidermia coneiaU of Bereral Uyers, pro- 
ducvd by and forming the externid surface of the onti- 
clti ; the external one being B series of bornj, trani- 
[i:ir<!nt, flattened, Bcale-like cells (Fig. 109), the lower 
byers of this tissue possess the true cellular char&cter. 
Tbe outer layers are coatiDually being exlbliated, or 
thrown off, and are as constantly being rcproduoed 
below. The preservation of a healthy skin demands the remoTml of 
the entire epidennio layer, by frequent ablution, always accompanied 
by the liberal ose of that valuable detergent — soap. 

399. For the strict purposes of health, neither a plunge nnr 
shower bath is necessary — tbe latter is even obnoxious to some tem- 
peraments ; the most comfortable and healthful form of bath ts at 
the same time the most facile — a Bponge bath — expedition in it« use 
being the most important element. 

The hath itself should never exceed five minutes; the rubbing 
dry (the most essential part of the process) occupying another five 
miimtea or more — an amount of time that every one can afford at the 
beginning of the day. This bath should be taken immediately on 
rising in the morning, as at such time reaction is greater aud quicker 
than at any other period of the twenty.four hours. 

It is very necessary to attend to the temperature of tbe M 
and of the room in which tbe bath is taken. During hot s 
weather, water may be used at the ordinary temperature of tbe|| 
niospbere, the room indicating not leas than 70° Fahrenheit. Bata 
less external heat than 70" the water should be warm, or at least tep| 

400. A sudden cold chill on the surface of the body is prejudi 
to health ; it checks the circulation of the blood to the external li 
face, interferes with the secretions, and particularly arrests the e 
ting power of the skin. 

401. It is a popular belief with mothers, that washing yot 
children daily, in cold water, makes them hardy. This is a g 
mistake; the feeble circulatioa of a child requires the aid and a 
ance of warmth — warm water and warm clothing. Tbe gretM 
medical man who ever lived — John Hunter — recommended t 
rules for tbe management of children, and they express tbe evtbt 
of a volume ; he says, " give them plenty of milk, plenty of sIh 
and plenty of flannel." 

402. In this changeable climate, chUdren and females are | 
thinly clad, and the great mortality amongst females is mainly dnt 
this cause; they are so much exposed to external inflaenoes that d 
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tblo to maintain a sufficient degree of vital heat, hence, all 
OB are indifferently perfonned; they sicken and die. 
Many females, of all ngcs, and even in the depth of winter, corer the 
upper part of the body with but two gnrmenta, whilst the hips are 
covered with an escoBs of clothing. Now it happens that the ehest 
&nd body, which are unclothed, contain all the important organs of 
life, and special care should be taken to preserve them. 

403. Europeaa women, remarkable for their robust health, all 
wear corsets, the substance of which, in addition to other appliances 
(stay-bonea), gives alike great support and wannth to the body. More- 
over, they greatly improve the figure, and render the set and fit of a 
dress perfect. It seems a pity that because s few silly, thoughtless 
girls would persist in destroying themselves by tight lacing, that sneh 
a very useful and necessary garment should be discarded. The prac- 
tice of wearing so many clothes upon the hips is highly reprehensible, 
BE it originates disease of a serious and di»tre><sful character. 

404 If it be deemed essential to protect the lower portion of the 
body with such a great accumulation of dress, each garment ought to 
be suspended from the shoulders by means of straps, unless a corset 
be worn ; but if a corset be not employed, it would be preferable, ■ 
on the score of health, to provide oacb article with a body ; in either 
case the weight would be removed from tho hips. 

405. After bathing a child and wiping its body quite dry, fric- 
tion all over the surface, and especially of the limbs and down the 
spine, with the palm of the band, in tho nature of good, brisk, quick 
rubbing, should be practised till the surface be red — indicative of 
reaction ; after this envelope the body in flannel. 

406. For adults to bathe after a meal, or after faUguing exercise, 
ia eminently dangerous. Three fatal cases were recorded by the New 
York papers, all occurring within a year, from this sole cause ; the 
first was the death of an American lady of refinement and position, 
from taking a batli soon after dinner ; of Sergeant Hume, while alone 
in a warm bath, and of Lorenco Shepherd, of New York, under pre- 
cisely similar circumstances. 

407. Those persons who do not happen to possess a sponge, may re- 
sort to the following plan with great advantage : as soon as you get out 
of bed in the morning, wash your hands, face, and neck; then, in the 
same basin of water, put your feet at once for about half a minute, 
rubbing them briskly at the time ; then, with the towel that has been 
dampened by wiping the iaco, feet, &c., rub your whole body well 
(without the addition of more water), fast, and hard, mouth shut, and 
the breast projecting. Allow five minutes for this operation. 
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408. There ia jetinother plan, superior in eomeof its effects tc 
that hoa preceded it; ttt night, when you go to bed, and nhouever j 
get out of bed during the night, spend from two to fire minute) d 
biog your whole body aud liuibs with your hands, as far a 

reach in every direction ; let it be done briskly, quickly, and li 

By this practice the eoftueiia and mobility of the skin will be pra- 
acrvcd, which too freijucnC washings has a tendency to destroy. 

40il. The cuticle has neither nerves nor blood-vessels, but it is 
abundantly pierced by the evucoating ducts of the eebticeuus (falty) 
and sudoriferous (sweat) glands, and also by the shafts of the hkin. 

410. It appears to be developed for the Bole purpose of protect- 
ing the layer beneath it — the true skin. 

411. If the cuticle bo accidentally removed, the true skin enf- 
fers acute pain from exposure to the air, and change of temperature. 
In addition to the cells of the epidermis whose function it is to secrete 
horn, there are other cells secreting only pigment (paint) ; in the white 

mankind these cells are easily distingubhed, but they are 
most apparent in the colored races. There appears to be great 
relation subsisting between the development of pigment cells in man, 
and exposure to light, that is to say, the greater the light, the more the 
color. It is under circumstances of intense heat and lit/ht, that the 
1, the red Indian, and all the varieties of the colored racea of 
mankind, are produced and Nourish. In this respect the analogy 
with plants is no leas perfect than admirable. 
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412. May be regarded as an altered, transformed, or modifietl 
; they consist of two layers — a soft mucous and the homy 

layer, or true nail. 

413. The bed, or matrix <ii the nail, corresponds with it uon- 
ratcly in size and form. If the nail be removed by maceration, {ta 
anterior (front) and middle portions are divested of epidermis, Uld 
become uncovered ; the lateral portions, or edges, and the poaterior 
portion (back part) are invested by a part of the cutis. This will be 
beat understood by consulting the accompanying figure (Fig. 110), 
which gives a view of a transverse section of a ntul, made throng 
the body and bed of tt The bed of the mil (with black ridgee) is 
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ahown at a, the cofinm and lateral parts at b, the stratum, firet de- 
scribed by Malpigbi, and calkd by liis name, with white ridgos, at c ; 
horny laytir, on the wall of the nail, e; horny layer, or proper nail 
Eubslauce,/ — with short notches upon its under aurfaoe, d. 



^,^^^,,«,n,nmTWTnrr^ 



Tnaireno uftLoo. ibreugb the buaj lod be^l uf ibc Kill. 

414. The Malpighian layer of the nail, like that of the epider- 
mis, ooDslstB wholly of nucleated cells, and agrees in all essential 
points vrith it, except that the deep portion contains a series of large 
perpendicular oelSa. In the negro, the Malpighian layer of the nail is 
black, and its cells even appear to contain dark brown nuclei, as well 
fts yellowish brown ones In dark Europeans. An enlarged view of a 
transverse section through the body of the nail (Fig. Ill), will better 
explain these facts. A, represents the cutis (true skin] of the bed of 
the nail ; B, Malpighian layer ; C, horny layer, or proper nail sub- 
Btance ; a, layers of the bed of the nail ; b, white ridges of the 
_ j,j Malpighian layer; c, ridges of the horny 

layer of the nail; rf, deepcHt perpendicular 
cells of the Malpighian layer; e, its upper 
series of flat cells ; f, nuclei of the horny 

415. The structure of the homy layer 
can only be ascertained by the aid of re- 
agents; thus, boiled in dilute caustic sndu, 
it appears m the form of beautifully definite 





nucleated cells (Fig. 112); the distended membrane of the cells is 
ahown at a, and tlie nuclei at b. 
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416. The Taaoularity of the bed, or matrix df the n&il, 
jeot of great interest; these vesaeU differ entirely in Ihcir form, «r- 
Tougemeut and site, from the capillariea of the cutis vera (true akin), 
as may be seen by reference to Fig. 113. The capillaries of this tiB- 
aue are remarkable for their extreme fineness and parallelism ; th?ir 
function appears to be to secrete the horny layer, wbiob forms the 
true substance of the nail. The vosaels of the cutis vera (true skin) 
everywhere eurround the vessels of the matrix, the terminal looped 
oapillariee of the papillie of the skin being distinctly visible. 

417. In that horribly severe and excmciating operation 

is colled minor surgi^ry (!), the re; 
a nail becauBC its edges grow inwards, 
I produce great pain, assoeinted with con- 
I stitnt irritation, the unfortunate patient 
I frequently desires to know " if the nail 
will grow again." The answer to this 
anxious question is generally very vague, 
" Botuetimes it does, and sometimes it does 
not," A little practical physiology would 
enable the operator to give a positive an- 
swer — " It shall either grow again, or not, 
at your pleasure," If the peculiar stra, 
turn of vessels just examined be ioolvded 
r grow agun, as the veasela which 




skin) 
i,Bnd I 



n the operation, the nail c 



produce it are gone, and there is no power in the human subject (or 
higlier mammals) to reproduce lost parts: — they, therefore, once re- 
moved, can never be replaced, and their function is gone. 

419. It appears to be bad surgery, however, to remove an entire 
nail for the fault of its edges; they alone should be removed, care 
being taken to include these particalar vessels, with the offending 
portion of the nail. 

419. The horny hoofs of horses, sheep, oxen, pigs, &e., are bU 
formed by a similar layer of vessels, which, when minately injected 
and well displayed, form objects of exceeding beauty, particularly 
the vascular lameltse of the Horse's hoof, which is iutended to act as 
s of beautifully elastic springs. Notwithstanding the extjuisite 



sensibili^ of this especial vascular layer 
nerves have hitherto escaped detectio: 



the terminal loops of the 
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420. Hair, in ita origin, is an epidermio tissue, and is formed out 
of cells ; but by the time it baa aci]uired its full development, it boa 
become so completely modified that all trace of its origin ia lost, and 
can only be reolnimiid by the judicious application of re-agente. Tb« 
hair originates within a follicle (a little b^), which is formed by u. 
depression of the skin, and lined by & continuation of the Epidermic 
layer. From the bottom of thia follicle there arises a, cluster of cells, 
fhich are Epidermic cells ; the exterior or this cluster is the buib, 
and the soft interior portion is the ptdp. Although the follicle is ex- 
tremely Tiucular, and even the bulb becomes reddened by minute in- 
jection, yet no Tessels have yet been traced to the interior of the hair. 
The hairs of most animals present three elementary parts — an ester- 
ual ctctide, the cwiical, homy, or fibrous substance, and an intemul 
medulla or pith ; these elements attain their highest development in 
the quills, or modified hairs of the porcupine, and the English hedge- 
hog [Erinaeeua Europaus). 

Two of the three layers above indicated, may be distinguished in 
all hairs, without any exception — the cortical, and the medullary : the 
cuticaitu' covering is sometimes wanting. 

421. The cortical, or fibrous substance of a liair is longitudinally 
striated (Fig. Hi); it often presents dark spots, 
except in white hairs {in which it is transparent), , 
and is more or less deeply colored. The color is | 
sometimes distributed with tolerable regularity, 
und sometimes more concentrated in granular I 
spots. 

4*22. The medullary substance, or pith, is com- i 
poaed of an aggreBation of very larire cells, which ' 

\ °"„ ?, . , . ■ Btrialeil uppciininde nt 

do not possess fluid contents m that part of the tha Ounicil suMinno;, 
hair that is completely formed, but it is filled with 
cells, asoally containing pigment. 

423. The feathers of Birds are precisely analogous to the hair 
of animals ; the cortical (hornj) tube of a feather, repreaenta the 
like tissue in the hair of an animal ; and tlie cellular medulla con- 
tained within the quill is the analogue of the medulla of a hair. 

424 One striking difference exists, however, in hair, as oom- 
pored with the feather of a Bird ; it baa been said that the Lair-folli- 
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cle \a HO Tasoalar that the bulb of the hair becomes red in a Dituute 
injectioii, no veB§els, however, being viable. The follicle of a feather, 
on the contrary, U not only abuodsntly supplied with capillary blood- 
veBsels, but moro, the cellular medulla is inteusely vascular, In 
other auimals, aa will be hereafter seen, when a hair is pulled out, it 





FeaUicr of « Book li^ccted. 

bleeds; proving a tendency to vascularity in 

this tissue, which, for all we yet know, may really 
exist. This will be best understood by consult- 
ing Fig. 115, which shows the feather of a Rook, 
the medulla of which is beautifully injected. 

The arrangement of the capillaries will be seen 
to be peculiar, and characterit^tic ; they are large, 
as compared with human capillaries, to enable them to transiait tl 
larger-aiied corpuscles of the blood. The oorticle substance of til#' 
feather ie marked a, the vascular medulla h. 

425. But feathers differ from hair in 
another respect; the quill (a), termi- 
nating iu a shaft (5), (Fig. 116), ja co* 
yercd on two sides by a feathered pot* 
tion called the vane (c). The feathers 
of the rane are lamellated, or composed 
of a aeries of distinct plates called 
barbs (c); (Figs. 116, 117. d), these 
barbs are made up of still smaller barba, 
called, therefore, iar6uies{e),(Fig. 117); 
and these are found to be provided viith 
a scries of very minute barbs or hoc 
hence called barbiiliniB — a still fur 
diminutive (Fig. 117, /). 

The latter are slightly hooked, % 
enable them to attach the barbuleaa 
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eaoh other, so that the whole eurfaoe of the barbs, of which the race 
ooDsiats, may form a eolid, continuous, firm, resistiog membraaous 
expansion, by whiob a feather strikes the air, as an oar etrikee tbo 
water. 

Were it not for this beautiful provision, tbo air would pa§s 
through the feathers of the vane, and flight would be impossible. 

426. The cuticulor aubstauce of human hair, is composed of a 
series of Sutened cells or scales, derived from the epidermis thrown 
off or exfoliated, from the interior of the follicle. These cells t 
scales, are disposed Id an imbricated [imhrex, a tile) 
form, or overlap each other, like the arrangement of 
shingles or tiles, on a house-top. This disposition of 
the sotiles can be proved b^ a very simple experiment ; 
plaee a hair betweeu the thumb and finger, and j 
ceed to spin it round, by moving the finger i 
thumb contrary to each other; the hair will inva- 
riably pasB through the root end first, which indi- 
cates not only the imbricated arrangement of the 
Boales, but that they overlap from the root; this is 
shown in Fig. 118, the imbrications at the i 
gerated. 

427. As these scales are attached one by one, as they become 
detached from the sides of the follicle, and the hair is always growing, 
it follows that no two of them can bo deposited exactly in the same 
place — consequently they overlap ; the lower part of a scale previ- 
ously there, being covered by the upper part of a scale newly added. 

428. The cortical fibres of the shaft ^,^^ 
of a hair are identical with the cells o 
the bulb; they become elongated a. 
they are pushed upwards towards the I 
mouth of the follicle, by the productioti I 
of additional cells beneath, and s 
miuished in their diameter; cousequent- I 
ly, the shaft of a hair ia much less in di 
eter than the bulb. 

429. The epidermic scales which & 
the cortical aubst-anoc, oan be separated b 
soda, when they appear as represented in Fig. 119. 

The dark spots, dots, or streaks, of the cortex are chiefly granu- 
lar pigment; cavities filled with air or fluid, or nuclei 

430. Caustic Potash and Soda, soften and swell up the cortical 
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y the application of caustic 



83 ASW 

Eub^tance without destrojing the spote, bj which we see that tbe^ ue 
notbJDg but pigment granules, deposited in the platea of the I 
they are frequently found in dark hairs, but vary very much ia d 
and form. Other dark epote which, at firat sight, appear to be ] 
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ment grannies, proFe to be, on closer examination, little cavities filled 

■131. The root of the hair, especially the lower half of it, differs mt 
far from the foregoing description, whieh applies to the ihaft, 
the scales, in this Bituatton, api>eur as well formed elongated 
each one possessing a nuvleua. In Fig. 120, ec&les from the 
and in Fig. l!21, from the lower half of the root, are shown; Hu 
from the shaft (Fig. 120) are flat and fusiform (spindled-shaped) 
in shape; those from the root (Fig. 121) are broader, and generally 
better formed, possessing a cylindrical, straight, or scrpentme 
cleus. 

432. The medulla forms but a staall portion of a hair; it is: 
central streak or axis, and esteuds from the bulb to the point, Hi 
It is cylindrical in sliape, and composed of a aoogcrics of nucleated 
cells. If white hairs be boiled in caustic soda tUl they swell and 
cui! up, simple pressure will generally demonstrate the cellular stnio- 
lure of the medullary cylinder, which 
then sufficiently transparent for 
trnnsmitted light The medulla is re- 
markable for the great quantity of air 
which it contains; by its means the 
medullary cells are broken up into a 
series of distinct cylinders, of all 
I lengths — Bomebeingmuobflhortertlian 
others. In examining a hair from bulb 
to point, it is curious to observe 
many breaks which the medulla 
tains, owing to the presence of air. 
Wbiic Hoir of ihr head. representation is given (Fig. 

white hair from the bead, which has been treated with cauatio 
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magnified 250 diameters ; a, naaleated celts of the medulla, without 
air ; 6, cortical substance, with distinct nuclei ; e, eutic- ^ ____ 
nlar covering, showing the imbrications. 

433. To denionatrate the presence of air in the me- 
dallary cj'linder, another illuBlration is necessary (Fig. 
123); the most conapicuous object is the bulb (a), in 
which a dense aggregation of pigment cells is shown. 
From this point the medulla remains intact to £, where 
air b firstly found dividing the medulla ; thence wo see 
the frequent interruption of the medulla by the interven- 
tion of air, until it ceases near the point, c. The original 
specimen was a hair from the human eye-brow. 

434. The whole of these facte, however, may be seen 
with advantage by consulting thin transverse eectioas of 
human hair (Fig. 124). 

435. Here the cuticle (a), the cortical substance (^)i 
and medulla (c), with its pigment cells, are well shown; 
the other figure (Fig. 125) was devoid of medullary pig- 
ment cells, at the point where the section was made. 

436. The human hair is very elastic ; it has been 
foond by eiperiment that it will stretch to more than 
one-third its leugth without breaking. It readily im- 
bibes water, and as readily gives it out again; consequent- 
ly, it is sometimes dry and brittle, sometimes moist ^ 
and wy^, according as the skin, or the atmosphere, con-J;,^*>"i^^'"'^| 
tains much or little moisture. Moreover, it becomes ■''^i'^ 
longer or ahorter, according to the quantity of molBtore it contains. 

43T. The chemical composition of hair has not yet been satisfac- 





torily determined ; some authors suppose it to consist of a combina- 
tion oi proieine and sulphur, to which others add a small quantity 
of a peculiar substance allied to gelatin. Hairs withstand putrefac- 
tion better and longer than any other part of the body; the hair of 
mtanmies in always found to be quite perfect. 



438. Ab rcgardfl lie imbricated structure of the outicular coTer- 
ing, humftD hair closely approximates to wool (Fig. 126) ; and a bold 
attempt has beeo made in this countrj to prove that the hair of a 
Negro and wool are identical, and that, therefore, the Negro is an in- 

Fat 1B4 *^''''*'' "'"""''i ^ compared with the white races of man- 
kind. 

This statement is supported in the work in qneation* 
by figures professing to he transTeree seotionB of the bait 
of a white man, African, and full-blooded Indian, and 
the author makes them disagree remarkably. That of 
the white man, doubtless obtained from some accredited 
work on human physiology, is correct ; the hair of the 
Indian is represented as round as a circle described by 
compasses ; and that of the African as a long ov^. 

Tbey differ as much in gixe as in shape ; the Euro- 
pean ia shown as the smallest ; next in site, and inter- 
mediate, is the Indian — the African hair being double 
the size of the latter. 

439. In the following pages figures are given of the Enro|>eBn, 
Indian, and Negro hair, all faithfully copied from esisting prepara- 
tions; these preparations hare been measured by a Micrometer, and 
found to be of the same size, nearly. That the shape of hair (of the 





Tnnsvam uctEaa of hilr. Negn. TmuTCna KoUan of luir. Sogro. 

head) is various in the same individual, will be seen from tlio two 
figares of hair from the white man, and two figures sabjoini-'d from tbe 
Negro (Figs. 127 and 128). Each presents a specimen with and with- 
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out pigment in the medulla ; that portion of the cortical substaaoe 
whiob joins the outiole is much darker in color in the Negro and In- 
dian thiLD in the white races, and this remark applies to the cortical 
mbatanco generally. The hair from the head of a full-blooded Me- 
somonee Indian (Fig. 129) agrees in all general characteristics with 
those already deeoribed. 

440. Hurs of the beard are usually much larger and coarser 




than those of the head ; a figure of a transTeroe section of the hair of 
the beard of a white maa is given at Fig. 130; in ebape it is Iden- 
tical with a hair from the head of the same person (Fig. 128); the 
letters refer to the same tissues. All the foregoing specimens of 
hair were eiiLmioed, and drawings simultaneously made, under a 
l-4th object glass. 

441. In the Negro, or mulatto even, the imbrications arc mnch 
more distinct (because larger) than in the white races of mankind, 
ovring to the fact that the epidermic scales, which enter into the com- 
position of the euticular covering, are tberasetves deeply colored with 
pigment, as already described in connection with the epidermis of 
the akin, and the darker the skin the darker and coarser the epider- 
mic scales. Ilcyond this fact, there is nothing to distinguish the 
hair of a Negro, from that of any other specimen of the human 
&mily. As a rule, whether in a white man ot a black, strong, coarse 
hair has a great disposition to curl. 



LESSON XXVII. 



442. As a class of Microscopical objects, and as a valuable ad- 
Vjnsot to Zoology, the structure of the hair of animals has excited 



great attentioo within the la§t few yea,Ta. The Genera of an aniia&l, 
and frequently the species, can be accurately determined by the mi- 
oroscopical examination of a fragment of a hair. 

In the higher mammalia, the hair appears to possess the eame 
tissaes ae those described as belonging to the human hair, that i 
say, the cuiide, the cortex, and the medulla. 

443. Allusion has been made to the want of rascnlarity o 
bulb of the human hair, and the interior of the follicle ; if tlie « 
for (vibrissa) of a cat be polled out, it will generally Weed, p 
vasoolarity in the follicle, if not in the bulb, of these part 
hairs. 

444. If a thin, transverse section be niiido of a Tiger's whisker 
(Fig. 131), the three tissues composing it arc distinctly seen ; the 
outer eutioular layer (a), the cortical substimco (J), remarkable for 
the great amount of pigmentary cells included in it; and lustly, the 
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medullary cylinder (c) in the centre, containing well-formed pigment 
cells, but devoid of pigment where this section was made. 

A similar section of a Cat's whisker (Fig. 132) shows the same 
structure. 

445. The VibrisBie, as the whiskers of animals are called, areiO' 
etruments of great importance to a vast number of them, but espe- 
cially to the Feline races. All the cats, from the majestic lion down 
to our household pet, are not only carnivorous (feed on flesh), but 
they are predaceout (prasda, prey), — seize living prey. 

446. As soon as the eye discerns a victim, it is fixed with a deadly 
and unfaltering gaze; the creature creeps stealthily and noiseleasiy 
along upon the soft cushions of the feet, the eye having no part whaV 
ever in the direction taken ; what then guides it ? the VibrissiB. 

The Vibrisase, measured from point to point, exceed the diametei 
of the widest part of the body ; wherever they can pass witt 
touching, the body therefore can follow. Their sensibility *p| 
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to be ezquiiite, and in proportion aa the point, or other part nearer 
the bulb bo touched, the animal knows exactly whether it vau paaa 
or not. 

447. For espeiunent sake, a cat has had her Vibris>«ffi cat, and 
then put into a box provided with a large round hole — larger than 
Doceaaary for her body to pass through. But she has lost her gauge, 
aad no temptation can induce her to attempt to come out of the box. 
LioDS and tigers, following their prey in the jungle, are solely guided 
by the re&ncd sensibility of these organs, which (aa already obseired) 
bleed when pulled out. 

448. The true structure of hair con only be known by examining 
trauBverae sections of it, which require to be cut sufficiently thin, or 
they are useless. 

449. Sections of the vibrissa of the Rat (Fig. 133), &nd of the 
Raccoon (Fig. 134], show the same tissues as those described in man ; 
the air which separates the cells in the medullary canal in human 





hair, is equally found exerting the like division in these hairs. Like 
the vibrtssEo of the Tiger and the Cat, those of the Rat and Raoooon 
are remarkable for the general roundness of their fignre. There can 
be no doubt that these organs are as important to the two last 
mentioned animals, as to the former ; in the first, they tend to 
ensure the capture of livmg prey — in the last, they facilitate 
eicape. 

450. Hitherto, only one medullary canal has been described, as 
being excavated (as it were) out of the cortical substance ; but in 
the Paehydermaious (thick skinned) animals, to which the Elephant, 
Hog, Horse, Rhinoceros, dx., belong, there are several medullary 
canals apparent. 

A thin transverse section of a hair from the proboscis of the 
Elephant (Fig. 135], is almost identical with a similar section of a 
Hog's bristle (Fig. 136), and in both, a plurality of medulbe appear 
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pliut'a pi 

{a), in the corticiil substance (S). Another section of a Hog's bristle 
(Fig. 137), made nearer to the lower 
portion, shows greater density in the 
iiuttT part of the cortical Bubstance, 
I lu the BSFeral medullafy oanale in 
- ititoi'ior are fully apparent. 

Tliey arc, however, still better 
loun ill the hair of the Elephant's 
111. especially if the section he mode 
liar to the bulb; ench an illustra- 
' ■■!! {Fig. 138) U quite QonclmTe of 
1 lie fact stated. The mednlhry c* 
uulft (u, a), contuin cells, most of 
them provided with pigtnent, while the cortical substance (i), is re- 
plete with pigment cells of the most perfect shape. 

F,n 135. 451. Much difference, 

too, esistain the form of 
the hairs of the tail and 
proboscis; in the fcvinei 
they nearly resemble that 
of human hair ; the latter, 
like the Hog'a bristle, are 
nearly round. 

Plurality of mediillary 
canals may be seen in an- 
other tissue, T 
TBiii.™. wdion -r «.ii m«i lue t.^pnim. 9 «u. ^ appearance 
bnt hair-lihe in its general characteristics. 




HAIB. 87 

If ft thb truiBverse Bection be made of Bsleen ( WhcUebojit), it 
vill be found to be compoEed of a deuee s^regatioo of atructareg 
resembliug so many distinct hairs, each having its medullary oaual, 
rarrouuded by a cortical aubatauce (Fig. 139). 

If now a longitudinal section be made, the medullary canals will 

' be very distinctly seen, divided periodically into a series of cellular 

oavities by eepta (partitions) transverse in their direction (Fig. 140). 

452. In Btructure, whalebone bears a wooderfal resemblance to 

I hftir {Fig. 139), agreeing most with the padiydena type, wliioh ad- 




THDtiena Kcliun <>r Wbiltbone. LnD^tndliiBl tcrtlnn at Wliiltbotu. 

I mits a plurality of medullte. The cortical substance is divided into 
Ties of disLiact bodies, each simulating a hair, and separate ; is 
1 to be filled with medullary canals, which are, however, better 

I seen in the longitudinal section (Fig. 140). 

In the hair from the mane of a Horse, there is an exception to 

' the rule of development of pachydermatous animals, as only one 

I mednllary canal appears (Fig. 141). 

453. The male Turkey (Mdsagris galloparvo) k provided with 




a tofl of very coarse hair, popularly known as the beard ; lu trans- 
veree wctlon all the tisauea are distinctly seen (Fig. 142). The 
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liiKpe of it h very remarkable, and differs from all the other hairs 
in thia reepcct. The corficai ."ubstanco is uniformly dark — the 




infltuillnBl I u ^ I J ■- ii n EglluiUDal 

rcBull of pigment eiisiitig in a diffused condiiioD ; the medullary 
canal partakes of the same irregularity of form which tUstb- 
gniabeB the entire hair, ita cells are well shaped, and pig- 
ment (when not internipted by air) present 

454. The hair of the Jtaminants {Oz, Sheip, Deer, 
£r.) in peculiar; in them the cuticle cannot be found, be- 
cause not present ; the cortical substance supplies !ta place , 
and the medulla, transformed to large cells, filled only 
with air, constitutes the bulk of the structure. 

In the Stag {Cervus ehpkas) the cells of the medulla 
(Fig. 143) are of great size ; the dark cells are still full 
of air, which, in Bmall portions, is always inlensely black 
under the microscope ; so too the hair of the Wapcti Deer 
(Fig. 144) is equally cellular, but of great beauty and 
smaller size. 

455. Ill tlie hair of the Goat the two tissues (Fig. 145) 
are all that meet our gage. 

456. The belly of the Duck-billed Pbtypua (Omi- 
IliorkyTieus paradoxm), is covered with hairs of a very 
curious form (Fig. 146). The bulb, at iU eilremity, is 
almost pointed ; the shaft continues its course of nearly 
eijual size for a considerable distance ; at last it becomes 
attenuated, and gives evidence of terminatmg (as hairs 
usually do) in n very fine point. Instead of thia, it sud- 
denly and greatly enlarges, and this continues till it grad- 
ually diminishes and ends in a fine point. 

At a short distance from the bulb, the narrow portian 
is filled with a series of well-formed cells (Fig. 147), like 
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the Rnmin&nts; tbeee, however, terminate just prior to the oom- 
meDcement of the enlarged portion. Thia latter at first contains 
diffueed coloring tnatt«r (Fig. I4S), which Boon ceases, and the re- 
mainder of the hair ia transparent. 

457. The quills of tUo Poroupine [Systrix erisiata) are only 
modified hairs; all the re- f>o ut f... ■!, 

qnired tissues hcing found in 
those gtrnctnres, especially in 
the species quoted. The cu- 
ticular covering (Fig. 14!). a), 
is seen as a delicate extcrcul 
ring ; but hy far the njost 
remarkable etracture is the 
cortical substance, which is 
transformed to horn, and ^ 
gives amazing strength to the 

" " ,s you will between the thumb and fin- 
ide DD it, and to raalce a thin section it 







quill (b). Presa it as hard a 
ger, no impresaion can be mad 
mnst be firstly Boftened by 
boiling. The pigment of the 
cortical Bubstance is con- 
tained in a series of well-de- 
veloped cells (c). The uor- 
tiual layer consists of itvo 
structures — one (c) made up 
of cells, poswsaing pigment ; 
the other (6) a layer of 
dense, non-nucleated hnni. 

In the centre, and every- 
where amid the cortical hiycr, 
the oella of the medulla {dj 
are seen. 

458. The quilla of the '"'"" 
English hedgehog (Erinaceous EuTfrpa: 
in a minor degree, hut without cuticle. 

Two tissues ore there, Imt the cortical substanoe descends into 
the interior of the medullary layer, without reaching the centre 
(Fig. 150). 

The arrangement of the medulbry cells is best seen in a long!* 
tudinal section (Fig. 151), 

459. Lastly, the Amerioaa porcupine {Hijiirix darsala) presents 




i) exhibit a like structure 
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a totally different upect; here the cortical sabs tan co is resti^ 

to a narrow ring, nLich furtua Ihe periphery of the circumfere 

j,.,^ ,.^ all within it consisto of 4J 

dullary cells (Fig. 152). 

It is easy to miilen 
how the Indians can use ti 
[jutlln ill such varied pnttcj 
they have no support 
be flattened with the greatest 
(^iise. In the two Iwt illna- 
trntioDS the cuticle ceaeos to 
be present, and oannot t 
(ore be shown. 

-100. Since we c]uitted| 
exaniination of human hair a 
wool, we have lost all trace of 
' ' " the exteruiil imbrications, and 

it might be inferred tliat these chamotcrtstics arc confined to man, 
and the sheep ; but thia is by no means true, for, on the contrary, 
tnany animals there are in which this particular arrangement is shuwQ 
in great perfection. 

461. Thus, the hair of the seal (PhoeavittrUna)'pToa&a\^\hea 





a manner more nearly resembling a vegetable stem than any tl 
animal (Fig. 153). 

462. The hair taken from the belly of the monse (Mas maseu- 
lus) IB very interesting (Fig. 154). The imbrications are well shown, 
but its beauty consists in its cellular medulla ; some cells i 
white, others are intensely black ; in some parts of its struotnre I 
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black and white celld 

mlterniite, ocoupjing 
tbe wholo diameter; 
in other portions the 
black is broken up 
into smaller rouoded 
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with tho white. Nei- 
ther IB this all ; tlic 
h»ir enlarges gradu- 
ally from the bulb, 

then diminiBhes, and "'" '" '""'' """"" "*"' 

ccmtiDQeB to do this four times before it ends in a point. 
Each enlargement, loo, is always larger than that which 
preceded it, and the last the largest of all. 

A pretty little Marsupial animal (having a bag, or 
ponch, like the Opossum), from Aiistralia, Pkascogule 
penicillata, has liuir somewhat resembling that of the 
Mouse, inumuoh as eaoh hair eonsists of four enlargements '','i"'|?"''ii'^^ 
(from the bulb), and corresponding diminutions. These I'lusoogue.' 
liftirs are of such great leugth, that it is out of the question to figure 
an entira one, especially as the principal has been demonstrated in 
tho hair of Ornithorhyncus [Fig. 146). 

Bat entargcd detached portions are illustrated : thus, a figure nf 
the bulb, and eouiiuuncement of the shaft (Fig. 165), is given. Tu 
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tbis succeeds a well imbricated structure (Fig. 156), the interior of 
which displays medullary cells. 

The latter structure now prevails throughout tbe remainder of 



the hair, except io the attenuated portio: 
parity of size in the termiaal cnlargemen 
alao given. 

463. Ad exceedingly interesting and beautiful hair is obtained 
from a species of Bat, common in India, the scientiGc name of which 
is not known, althougb tbo hairs have been found in the cabinets of 
mivroBcopists for fully twenty years. The imbrications are arranged 
aa a wborl (Fig. 158} which surround the ehafc. It is altogether oik 
like the hair of any other known species. 

464. But it is reserved for etill lower animals to show what q 
traordiiiary weapons hairs may become ; in a Murine worm {ApKl 
iHta hispida) the hairs are trausforuied into durts, and used an Euoh 
(Fig. 15!l). The specimen from which the drawing was made, was 
dissected from the body of a nuked (without a shell) Sea-dug — Ap- 
lysia — in whose tutegument a number of tlieni were found It i 




lAfdarlUA. riuifDiBod). 

be evident that, once in, there they must remain, as, from their si 
tore, no power could extricate them, and consequently they ^ 
broken off, that the Sea-mouse (as these Annellides are colled) n 
escape ; but, is it possible to imagine a better shaped harpoon ? 
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465. A form of hair, from the larva of an insect {Dermntea lar- 
darius) very common in hirders in this country, is bo curious in form, 
that it were unpardonablo to omit it ; moreover, it tends to bLow tht 
great display of Almighty wisdom, even in the construction of a 
hair ! Two figures of this hair are given, as seen by different mag- 
ni^ing power, and in different conditions ; the first (Fig. 160] is per- 
fectly spear-shaped, the imbrications being most distinct : this ia mag- 
nified 300 diameters. In the second figure (161) the head of the 
spear ia opened like an umbrella, a state in which these hairs are fre- 
quently found ; it is now magnified 500 diameters. 

466. The larva (upon whose body these hairs are alone found) 
does not esceed three-eighths of an inch in length, and appears to he 
a very quiet, passive animal. Whatever use it makes of these most 
remarkable hairs remains unknown, no one haa even hazarded a. con- 
jecture in relation to them, notwithatanding there can be no reason- 
able doubt that they are defensive, as those of Aphrodita are ofien- 
aive. Let the reader only imagine what the effect would bo on 
another animal, advancing to molest the larva of Dcrmestea, and 
have alt these hairs suddenly porrected (stretched forth), and the 
umbrella-like processes suddenly opened in its face ! 

The foregoing demonstrations have distinctly proved — firstly, the 
general character of imbrications as common to a majority of hairs ; 
secondly, the important fact that hair, in man and most of the higher 
animals, consists of three distinct tissues ; and, thirdly, that where a 
tissue is lost (cuticular layer), it designates, most usually, the smooth 
(non-imbricated) hairs. * 



LESSON XXVIII. 

KPITHEt-iniL 

467. On the external surface of the body we found the skin pro- 
tected by a layer of flattened horny scales, called Epidermis ; this 
layer is continned over the outer surface of the lips, lining the whole 
interior of the month, oovering the surface of the tongue, descending 
into and lining the (Esophagus, Stomach, and Bowels, but, in conso- 
quence of its altered form, under the new name of Epilhelium. 

468. This peculiar tissue is also found covering all other if w»wj, 
Straus and Synovial raembtanes ; it lines the heart, blood-vessels and 
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abBorbents ; the follicles of the tnucoiu membrane, uid all the glands ; 
the trachea (windpipe) and all ite ramificationB, no lew than the air- 
cella of the lungs. 

469. Epithelial ogIIb are rarions in figure, but regolrc themselvea 
into tito chief forma — the tessellated or pavemept epitheliam, and 
cylindrical, or cylinder epithelium. 

Both these forms may be provided with vibratile cilia, and 
has a tendency to run into the other. 

470. The cells of the tcssellaled or pavement epitheliam (Pi^. 
16*2) are flatteued, and polygonal; they are attached to each other 

P^^ juj like the elements of a tessellated pare- 

nieiit, by the numerous angular sur- 
faces each scale presents — hence the 
Dame bestowed on this particniar forin 
of epithelium. It occaaionally hap- 
pens, however, that they retain their 
original rounded or oval form, and in 
this case they are found separated by 
an interval of space from each other. 
471. All epithelial cells, without 
respect to form, are remarkable for 
'"" '"'"°'' the possession of a distinct nucleated 

spot ; whcDOG this nnclens is Dhtained is at this time a mystery ; it ia 
quite likely that they produce other epithelial cells, on the principle 
of cell development, and this is all tiiat is known in relation to the 
subject. 

472. The cylinder-epithelium is composed of elongated cells, cy- 
lindrioal in their form ; they are placed side by side, in a uniform 
riea, the lower portion (frequently attenuated) constitutiog the 
and the upper, exposed portion, prujcctiog into the free space of 
tissue to which it is attached. 

47!{. To see the well-formed cylindrical cell, a tissue sboold b« 
eelected with a flat surface ; if it be convex, the lower ends of the 
epithelial cells are alnrajs of less diameter than the upper portion 
(attenuated), so that these epithelium scales much more resemble a 
series of truncated cones, than cylinders ; this fact is well shown 
in the epithelium covering the villi of the in^stiues, of which more 
will be said in the proper place. 

474. The Cylinder epithelium is found covering the entiro sur- 
hoe of the alimentary canal, from the cardiac orifice of the stomach 
to its termination ; it Is also found in the ducts of the glanda which 
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open into this canal, — the duct {ductus eholedochua) which conveys 
the bite frdm the liver to the first i)( the eujaJl inteHtices (Duodenum), 
the aalivur;, and other glatids. 

476. Both the forms of epithelium already described, are fre- 
quently ciiiated ; the object of this arrangement appears to be to 
propel fluids over the particular DurGice upon which they are placed, 
and admirably they are adapted to tliis purpose ! When these organs 
are moving in full activity, nothing can be seen but the incessant, 
rapid whirl of particles of estraneoua matter oontained in the water; 
when their activity begins to cease, the eiact form of the motion 
then becomes visible. On such occasioas it will be perceived that 
the doum stroke is given with great energy and activity, the oiliu 
recovering their position by a slower motion ; this can be suoceBsfuUy 
imitated by etrilcing the arm down very quickly, and lifting it back 
in slower time. 

476. It hofi been already remarked in the Introduction, that the 
motion of vibratile cilia U alike independent of the will, and of vi- 
tality, as its action can be distinctly seen in epithelium removed from 
the body, long after death. 

477. This phenomenon is not restricted to the human tnibjeot, or 
to the higher mammalia, but is much better seen, and for a greater 
length of time, in the lower forms of animal life. Thus : detached 
epithelial scales from the mucous membrane of the human nose, have 
been seen actively swimming through water by the agency of their 
vibratile organs, some hours after their removal ; from the mucous 
membrane lining the air-tubes of man [brondii), for sixty hours after 
dtath, and bo vigorously, as to leave no doubt they would continue 
in motion for a much longer period of time ; but the cilia of a Tor~ 
toise has been seen in active motion fifteen days after death, notwith- 
standing the body was putrid I 

A view of ciliated cylinder-epi- 
theltam, of the truncated-cone form, 
is given (Fig. 163), in which tlio I 
cilia (b] will be found occupying 
the upper enlarged portiou ; the 

nuclei (a) are clearly seen in the ciutted tpiihuiiuni. 

oentre of each cell. 

478. If the tongue of a Frog be slightly scraped with a knife, 
nnd the product placed in a drop of water, and eiammed by the mi- 
oroseope, masses of ciliated epithelium of the pavement kind will be 
found (Fig. 164-1). These will be seen swimming through the water 




at a great rate, especially vhen first procured, and they will oonti 
BO to do for a long time, or until the water evaporates. 

479. The membraae covering the drum of the human ear (fn«in- 
branatympani) is also the seat of cDtated epithelium (Fig, 164 — ^2); 
likewise the human air-passages, as 
already remarked, a reprcsentaUon 
ofwhichi8givcn{Fig. 164-3), These 
three last forma have beeo drawn h> 
scale eo that their relative size tatty 
bo ascertained, and in all of them 
' nuclei aro diatiootly visible. 

480. Like the cells of the Epi- 
dermis, the Epithelial cells are oon- 
Btantly being cast off, or exfoliated, and as constantly renewei'. 
The time in which this is effected, however, is found to differ in Us- 
nice ; thus, it is oftenest renewed in the mucous memhraneB devoted 
to the function of nutrition, where, in healthy digestion, the epithe- 
lium of the whole alimentary canal is said to be constantly tfarovD 
off after every meal ; when this fails to be accomplished, disease is 
supposed to be the never-failing result. 

481. On the contrary, as there is little action on Serous si 
the epithelium in such situations is much longer retained. 

482. From the fact that two nuclei are not uncommonly found' 
one cell (Fig. 162, c), and that cells sometimes pre.'sent a cODstriel 
it is possible that they may be produced, like the vegetable oells, 
spontaneous division. 
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SBROUS AND S 

483. The free surface of these membranes is found to be oovered 
with Epithelium ; underneath, is a layer of condensed Areolar tla- 
tut, which gives thickness, strength, and elasticity to the membrane. 
The yellow fibrous element forms a large portion of the composition 
of these membranes, and gives them elasticity in every direction. 

484. Serous and Synovial membranes form closed sacs, which 
contain a fluid ; that found in Serous membranes is nearly the same 
with the scrum of the blood, and the fluid of Synovial capsules is 
the same, with an additional quantity of albumen. 

485. Serous membranes are found in the abdominal cavity; tU 
the membrane which lines the abdominal muscles, or the outer n 
of the abdomen — peritoneum — ftom a Greek word, signifying to 4 
tend around, is a serous membrane. 
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486. Serous membraBca invcet tbe abdominal Tiscera, and pass 
from one vJaouB to anotber, until they have invested tbe whole of 
them, when ihey are refleeted on llie parieties (sides). 

487, Tbe Synovial membrane its a thin membranous layer, which 
covers tbe artionlar (joints) surface of the bones, from which it h 
reflected upon tJie surfaces of the ligaments which surrooud and enter 
into the composition of a joint. Like tiie aeroua membranes, these also 

_ are shut sacs ; tbe peculiar fluid secreted by them is called synovia. 
K 48S. Certain sacs Burroaudbg seme of the joints are called 

H bursa mucosa (raucous purses) ; thuae are slmt saos, allied in slruc- 
^L ture to synovial membranes, and secreting a synovial fluid. 
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489. If, during the 
animal or vegetable matter. 



months, a drop of water contal 
both, in a state of decompositioi 



examined with a microscope, it will display a world of animated 
atoms I 

These oompoRe the individuals forming the class known as "mi- 
croteapieal animalcula." The form and size, no less than other 
characteristics of the Individuals of this class, is extremely various ; 
flOme of them (Monas crepusculua) being so minute that a single 
drop of water would contain five hundred millions of thom. Our 
present object, however, is to inquire Into the particulars of their 
nutrition. 

490, Prof. Ehrenberg long ago promulgated the idea that the 
majority of these creatures are endowed with a ^, 
great but variable number of digestive sues, each 
of which (according to him) is independent of the 
rest, but all of them communioating directly with 
the oral cavity (Fig. 165, h\, as shown in the pro- 
fessor's figure of tbe Manas termo — supposed to 
bo the moat minute animal revealed to our visiou 
even by the microscope. 

491. Increased knowledge of these creatnre.n 
may probably demonstrate soiuo mistake in con- 
nection with this description, which i 
really know ; tbe figures (of tbe eami 

7 




with all that wc 
3 authority) of larger animals 
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of the same class, appcur to be mucli i 




re oon^stent ; thus, tho 
alimentary chdhI of For- 
iifeUacitriTM{Fig.lQ6) 

is Uistiiictly BiuiculttleU, 
&ii(t so, too, in Sienior 
})olymorphus{'F]g.lQay, 
iu all ttiesti figures the 
tiliuted oral (mouth) 
njiorture is marked a. 

In the VorticeUft 
urid Stentor (Figs. ItJfi 
and ICT), the circnlar 
intestine is perfectly 
sacculated (c), or alter- 
nately dilated aad 



tracted (i, e, d) throughout its cnti: 

Two of the figures (166 and 167) are represented as dissected 
tjf the hody ; this has been done by the miud'a eye, for no eat 
j)Ower is eipol to euch a task manually performed, 
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492. The animalaof this oIheh have tbelr vibralOe 
ilia placed in circular or scnitciVeitiur groups, and 
iben in action they appear to revolve — hence their 
lanie. The so-ealled wheel animalciJt, found in 
onden gutters, and in infusions of hay, is a Rotiftr, 
. view of wbieh is given (Fig. 108). The nioulh is 
L'L'n at a ; eyc-spota at b ; antenna (?) at d ; jaws 
nd teeth, e; alimentary canal,/, y (glandular, ?), 
Liaas enclosing it ; h, longitudinal muscles ; i, tubes, 
:ontaiubg water, or blood ; k, young animals ; and 
, cloaca. 

The body of a Rotifer is more or less elongated; 
-ts posterior extremity is fiimished with n pair of 
forcipated instruments, or claspers, which, wlien not 
TCi^uired for nse, can be retracted, and protected 
willjiu a shcatb. 

493. The vibratile cilia are arranged in from 
two to five groups, placed on lobes, as sbowci in 
Notommata chvulata (Fig. 169, a). 

This beautifitl creature is as transparent u^ 
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glus, and all the organs described can be seen in the microscope, if 
it remain qaiet, with tlie utmost diBtinctness ; it vill bo apparent 
that the alinientarj canal, nnd all the organic struotures, have made 
a great. advance from the simple sacculated condition, and only one 
aperture of the Vorticella, and ita allies. 

404. These animals are remarkable for their tenacity of life. 
As early as tho year ITOI, Leeuneuhook had been examining some 
H-pecjotejiaof £otifervvljaris,JUid\eft y,„ ^■^,_ 

the water in which they were eun- 
tuned to evaporate. Two days after* 
ward, having added some rain water, 
previously boiled, within half an hour 
he saw a hundred of the Rotifera re- 
vived, and moving about ! 

A aimilar experiment woe made, 
with the same results, keeping the 
animals dried up for a period of Jive 
months ; and this has beeu repeated, 
and confirmed hy many subsequent 
authorities, the time being extended 
to three years. 

EN TO £0 A. 

495. The Eutozoa are parasitic ^^ j, Lonniuai'iui' muJdrs, wh 
internal, or intestinal worms; of „,' ^' Tr.tm^' »«^^Vhkh dii 
these, every known animal has its ^ ^^ ol^iL?^'(?St''£n.t;S?'; 
own peculiar speciea, and usually -'"'^''•, 
more than one : in man, no leas than / rhi^'m, ooattUnUigthoiaw 

. . 1 9- AllmciilMy omal, turmlniil 

eighteen differeDt apeotes faave been 1° 

detected, oconpying the various cavi. i. oiin Jl iuh«r uiiviry oi nt 

ties and tissues of the body. n. FarcipauxLlDttnunaiitiforp 

496. Kxcluded from the inSoence ' '"'" 
of light, they are almost uniformly white in color ; deprived of a 
they do not possess organs of respiration ; they _ 
ftre, in short, little (if any thing) but sacs for 
the imbibition of nutriment. 

497. The AeephtdocyH (Fig. 170) consists 
of a globular or oval vescicle filled with fluid ; 
sometimes suspended freely in the fluid of a cyst 
of the BorroQnding condensed cellular tissue, de- 
veloping smaller aeephaiooyste, which are discharged from the outer 
or the inner surface of the parent cyst. 
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40S. They vary from the size of a pea to that of a. clild's head ; 
in the larger ones the nail of the cyst has a Umiuated texture. 
They are of a, pearly whitcneBs, without fibrous struoture, elastic, 
spurting out their fluid when punctured. 

499. So far as known, there are two species of this animal ; one 
the Aee^hcUocysiii Endogma, or the " pillbox Hydatid " of Hunter, 
most commonly found io man ; and the Aeephalocyitis Etogetia, 
found in the Os, and other domestic animals. All these animals 
multiply by fissiparous division, precisely like the multiplication of 
the cells of plants, to which they appear to be most nearly allied. 
In the first named species, this process takes place &om the internal 
surface of the parent cyst, and in the last, from the external sur&oe 
— henee their specific names, respectively, 

600. Another parasite, closely allied to the above, the Cant/rut 
Cerebralis, is found in the substance of the brain of Sheep, Call 
PigH, Rabbits, and ereit Dogs, and produces a disease called 
England) the "gid," or " mad staggers," 

SOI. In this disease, the animal affected by it appears to be 

" giddy," and staggers with the head down to the ground, or butting 

P^^ j^, against extraneous substances in a state of apparent 

unconsciousness. A figure of this parasite is 

given (Pig. 171). 

bO'2. The Coanurus is one of the most simply 
organized anima.ls, consisting of a large bag (c) 
always filled with water, at the end of a long neck 
(&), the summit of which is provided with suctorial 
mouths (a), adapted alike to adhesion to the tis- 
sues by which it may be surrounded, aud for the 
procuration of nutriment. They are frequently 
found provided with many beads, which can be 
retracted within, or protruded without the oom- 

" " "*""■—■ mon cyst. 

503. This Hydatid form Is by no means uncommon as a parasite 
in the animal kingdom and in man, and, wherever found, they in- 
variably produce distressing, if not fatal disease. They have no sax, 
and appear to propagate most abundantly by the mere act of spon- 
taneous division, such as is common to plants, and to the Aeephala- 
cyste. 

Of oourse, there can be no cure for the Ocenunis, and the best 
that CBD be done is, to terminate the animal's suffering as soon M 
the " gid " makes its appearance. After death, pass a saw round the 
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HkoU, and remove the upper port, so &s to expose the li 
mal, like the figure giren, will be invariably found. 

Many Cystoid animab there Eire closely allied to the Ccenoroa, 
and afflicting alike domestic aoimals, and man, bat their effects are 
not immediately fatal 

504. The Eehinocoeeus hominis, is a small animal cell, provided 
at its Bummit with a remarkable circlet, or coronet of teeth, hy which 
it clings to the tiasae, and four sactorial mouths for the imbibition 
of nutriment ; they have been found in the liver and other organs of 
the human body (Fig. 172) ; a, head ; b, snckere. 

605. Another cellular animal {Cystieercvs eeUulosa) baa been 
met vith in the eye, brain, substance of the heart, and the voluntary 
muscles of the body (Fig. 173] ; in addition to the head, formed 
like the last, this animal possesses a 
long neck, which terminates in the nu- 
trimental sac. The head, trith its 
coronet of spines, a; the digestive 
sao, h. 

A magnified -view of the coronet 
of spines is given in Fig. 174; b, the 
spiucs, or teeth; a,thesuetorialmoutbs. 

fiO& These animals infest Pigs to an enormous extent, oaoslng 
what is called ths measles ; aud as the vitality of the ova is not de- 
stroyed in the process of cooking, thnt^c persons who cat fresh pork 
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(not salted) need not be surprised to find themselves the victims of 
607. Tania adium, or tape worm, of which it is now well knovrn 
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the Cjrsticercns ie the young. The head of the Utter &nimal is, in 
every respect, so identical with the former, th&t a figure 
^^^^•^^ q{ it ig unnecessary. 

I^H^^H bO'^. Two species of Distoma {dis, two ; stoma, 
I^Eb^^H month) infest the human eubject — D. hepaticum, foond, 
^^^^^H OS the epeoiflc name indicates, in the Hver, and D. lan- 
^^l^^^l ceolatum ; of these animals, the former is also very abua- 
^^^^^H (lantlv foimd in the Pig. It is also sometimes found in 
^^H^^H large quantities iafesting the liver of the Sheep, aud 
^^■^^H in them it causes the rot. They are supposed to take 
^H^HH up Plauariee ntth the water they drink, which, under 
1). titiiiucmn. ait^tred oircumstanoes of position, becomes a Diatotiia. 
609. The nntrimcntal canal is very simple in both these animals. 
In B. hepaticum (Fig. 175), a represents the sactorial mouth, h the 
anterior sucker ; the aeooud is imperforate, and is simply an organ 
of adhesion. The alimentary canal is continued from the mouth for 
a short distance as a single tube, and then divides ; the 
divisions run parallel with each other, and surround the 
ventral sucker, which is placed between c, c, and is also 
for the sole purpose of adhesion [ the parallelism of the 
tubes is then continued to the caudal extremity. Each 
tube gives off several branches from the outer, and but 
fen from the inner side ; many of these branches ore 
ramified, and all of them terminate in blind extremities 
near the margin of the body. 

510. In Distoma lameolatum, the suctorial pon» 
are larger than in D, hepaticvm ; the anterior sucker ia 
perforated by the mouUi (Fig. 176, a), and the alimen- 
tary canal, commencing by a kind of pharynx, is con- 
tinued as a very slender tube (e) for a short apace, and 
bifurcates, each diviwon being continued without raini- 
ficntion, on each side of the body to the tail, where it 
ends in a blind extremity (d). The ovaria are seen at 

/, and the oviducts at g. The second sucker is at ft, 

511. It is a very remarkable fact that nearly all 
the animals parasitic in man, are found in only one 
other animal — the Pig; and whether wo obtain them 
directly from it, or whether it be another point of close 
affinity between the auimal in question and humanity, 

has yet to be determined. 
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ow lo conBider the §truotiire of a 
iDinials, luoderat^lj minute in si 



eitremely in- 

U and of won- 



512. We iiiiye 
tereating class of 
drona beauty ! 

The Polypi (poly, many ; pes, feet) are so called from tlieir 
general reBembtanco to the many armed Cutilt-Jithes, and these ub- 
tained the name of " many feet " from the Greek nuluraliats. They 
are almost universal in their distribution ; inhabiting the fresh water 
pools in great abundance, they form objects of surpassing interest tu 
the naturalist. 

513. But for endless variety of external form, associated with 
every shade of color, we must seek 
for these charming creatures in the 
Ocean. 

The limits of this work will 
not permit an extended notice of 
these animals ; and in the present 
conneetion we are in search of nu- 
trimental organs, chiefly. 

514. The freah waters furnish 
three apeoies of Hydra ; S. vul- 
garis; S. fusea, and S. viridis, 
or green Hydra. Of tliese, tlic II. 
fusca is less common, and by far 
the most beautiful (Fig. 177}. The 
tentacles, as the arms are called, 
are shorter than the body in H. vul- 
garis, but in this species they aru 
of very great length, and when seen 
in a glass jar groping about, and 
searching for prey, present an ob- 
ject of incredible magnificence ! 

515. The Hydrae are carnivo- 
rous; feeding upon the minute ani- 
mals (especially Crustaceans) which 
are found abundantly in the same 
pools. The instant a tentacle 

toocbes an animal, although its body may be roteeted by a shell, it 
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dies, — etang to death, paralyzed. It is then seized by the termioal 
portion of the tentacle, and conveyed to the mouth, whilo the other 
tentacles are incegsantly in search of food, to supply the wants of aa 
ever hnngry EtomacL This organ oocupiea the whole interior of the 
boily — there is no iuteatine ; the terminal portion of the body forms 
a. narrow base, provided with a suctori&l disc, for the purpose of at 
taching itself to aquatic vegetation, 

516. The simplicity of structure of these creatures may he in- 
ferred from the fact, that they may be turned inside out withotit the 
slightest detrimcut ; that which was the external Eurface instantly 
aaaumea the function of a true digestive stomach, while the stomach 
takes upon ili^elf the office of a secreting organ, and produces young. 

517. The mode of reproduction of the Hydrro is curious : & num- 
ber of little bud-like processes make their appearance on the external 
surface, which soon reaemble the parent in all tlieir external charac- 
ters; each possesses its mouth aud tentacles, and although remaining 
attached to the body of the parent, proceeds to provide for its own 

wants. It is true that a canal' 
of communication exists between 
the parent and the young bud, 
through which nutriment passes 
to help sustain it; but after a 
short time this canal closes up, 
and the ;oui)g continue attached, 
iir not, at Lheir pleasure. A 
lifiurc is given of a family group, 
Mich as those persons who have 
liifit, and bred these animals, 
will immediately recognise (Fig. 
178). The first figure (177) rep- 
iiyents two perfect generations; 
tijo parent Polype (o), a young 
bud [b), and a more advanced 
oue (c). 

This Ggtire (178) shows three 
generations ; the original parent 
(a), the first family {5, 6), and 
the second family, produced &om 
the first (c, c). 

But apart from the process of budding (ffcmmation), there ia 
another mode by which they can bo prodneed in great quantity, 
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namely, bj cutting them in pieces, when each portion wilt become s 
perfect animai. 

518. We have referred to the M&rine Polypi ; do our renders 
cliance to know that the rail (oral of Commerce, which forms such a 
pretty ornament for the necks uf children, is composed of Carbonate 
of lime, and once formed tbe intenml Bkeletou of a fuoiily of Polypes, 
by whom it was manufactured ? 

519. The Order of I'olypes, to which CoraSium rubrum (red 
coral) belongs, possess eight short, broad, leaflike tentacles around 
the mouth, and in this species they are white. The deeply red- 
colored skeleton is, as has been said, internal ; it is covered by a red 
flesh, of paler color than the akcleton, and this is everywhere exca- 
vated into little cavities, for the reception of the individual Polypes. 
In this order the young continue to form a part of one common 
family, which may number several huudrcd individual members ; 
they bear the same relation to each other, and the group with which 
they are connected, that the leaves bear to a tree. 

520. The excess of nutriment Fi" i^ 
duo to the combined nutrition of so 
man; members, goes to extend the 
common mass; to make new bone, 
cover it with new flesh, and to place 
in its cells a new family of Polypes. 

Aq illustration of this species is 





given (Fig. 179), in which the bono («) is shown, covered with the 
flesh (b), and the polypes, with the tentacula displayed (c), emerging 
from the cells. 

521. To show the general stmcture, and especially the alimentary 
cuul of this polype, a magnified figure is given (Fig. 180). The ex- 
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ponded te&ttioles are seen nt a i at the base of tbem (&) it tlie 
mouth ; the atomach, provided wUli eight vertionl partitions [d), oc- 
cupies the centro of the animiU. At the bottom of the Btomaoh is 
ao outlet (e) for the transmiasion of the untrieat matter to a oanal, 
which ooiiimuDicat«B in like manner vith the atomachs of all the 
polypes, b}' which means the Donriahment ia made available for t&e 
purposes of the common wealth. Appended to the lower portion of 
the Btomaoh are the ovigeroua (egg-producing) tubuli (/). 



LESSON XXXI. 

AC&LEPHA. 

522. The surface of the Ocean, during the Bammet mwEn 
Bents a vast assemblage of sofl-bodied, gelatinous forma, of ever; sixe, 
from many feet diameter, down to an inconsiderable speck ; all of them 
as transparent as glass, all luminous at night, aud many of tlicm 
sharply stinging the bund that touohes them : from this latter pro- 
perty they obtain their name ; the Greek word signifying a nettle. 

523. The beat account of these animab is that given by Pw 
and Leseueur, two French naturalists. 

" The substance of a Medusa is wholly resolved by a kind cf ii 
stantuoeous fusion into a fluid analogous to aea water; and yet t 
most important furictiona of life arc elFected in bodies that aeem to 
be nothing more than, as it were, coagulated water. The multipli- 
cation of these animals b prodigious ; aud «e know nothiug oertaia 
respecting their mode of generation- 

" They may acquire dimensions of many feet diameter, and weigh 
oocasioDoUy from fifty to siz^ pounds ; and their system of nutridoo 
eacapea us. TUcy execute the most rapid and continuous motionf 
and the details of their muacular system are unknown. Th^ a 
tions seem to be abundant; but we perceive nothing aatisfaotorjjq 
to their ori^n. They have a kind of very active respiration; ita 
real aeat is a mystery. 

" They seem extremely feeble, but fishea of large size are daily 
their prey. One would imagine their stomacha incapable of action 
on these latter animals - in a few moments they are digested. 
A great number of these Mcdusse are phosphorescent, and glare 
amidst the gloom of night like globes of fire ; yet the nature, tl 
principle, and the agents of this wonderful property remain to be d 
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oovered. Some eting uid iuflame the haod that loaches them ; but 
the cause of this power is equally unkoowo." 

524. Our tgnoroDce of these ammula is hy no meaus bo profound &t 
the present day, albeit muofa yet remains to be discovered. John Hun- 
ter was the first to inject the stijmach and communicating canals, and 
thus discovered the extraordinary route by which the nutriment 
j,^^ j^j reaches the digestive cavity, and also 

the channels by which the digested 
iiliment is dUtribuled for the sup- 
port of the general system. 

The animal on which the expe- 
rinictit was made, belonged to the 
Gi:n\iB£kizogloma(rkizoma,A root; 
iioma, a mouth), and a figure of it 
ia appended (Fig. 181). 

525- Every part of the body of 
this Bhizoatoma Cuvieri is of the 
utmost truuspareucy, so that the 
internal organs may be distinctly 
seen through the eitcrual parictes 
of the mantle. 

The gastric cavity, or stomach 
(d), is in the centre, surrounded by four ovarial sacs (a, e, e). A 
number of wide vessels ostend from the circumference of this quad- 
rangular stomach to the pur- [.,„ it^ 
pie-colored, highly vascular, 
lobed and respiratory margin 
of the disc (Figs. 181 and 
182, h, k). 

The peduncle hangs sus- 
pended from the centre of 
the disc, and is divided into 
dght branches (c, c), which 
terminate in simple lobed di- 
latations (a, a), having their 
surface marked with numer- 




ous depress] 
orifioeaof 
&,e), lead! 
b(d). 



ions, which arc the 

internal canala (a, 

Ing upwards to the 

In the middle 



1 ftnd upper parti of thesi 
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eight branchea there nre Gmbriuted (fringed) membranoas exteiuioua 
(181,/, 162,/, A), the nnmorouB veaselfl of which aUo anastomose 
vith the principal asoending Iraaik of each peduncle. On making 
a vertioal section of this Rbizoetoma, thna injected, tbroagh the 
centre of the disc (182), the internal canals (b, c) are seen, commencing 
&om the orifices of the branches (a), receiving all the lateral abaorbent 
canals (/, A) in their course, and uniting above to form one large 
<eeophageal passage (m) before entering the central gastric caritj (dj. 
The peduncles divide and subdivide like the roots of a plaui; tbe 
cesophageal canals follow these ramifications, and ultiinatoljr termi- 
nate in numerous pores (/), upou the margins of the branches and 
clavate (clubbed) ends of the ramified peduncles. These pores are 
the commencement of the nutritive system ; they are analoguua to 
the numerous polype-mouths of the compound coral aaimal. 

Minute animalcoles, or tbe juices of a decomposing larger atti- 
mal, are absorbed by these pores, and conveyed by the sacoeAsively 
uniting oesophageal canal to the stomach. 

The nutrient fluid passes by vessels which radiate from that 
cavity, to a beautiful network (182, h, h) of large oaptllaries, which 
spread upon the under surface of the margin of the dbc. Thin 
membranous partitions (182, 1, Z) separate the cavity of tbe stoi 
{d) from the four ovarial sacs, which open eslemally by di 
apertures (i, t). 

626. In some of the higher Mcdusee, as in Cftonia aurita 
ing lobes like the car], the mouth is single, and opens dirccily from 
the centre of the lower surface of the mantle, into a capacious sto- 
mach,, from which numerous vessels radiate to a circular canal snr- 
rounding "the margin of the disc. The mouth of Cetonia is of quad- 
rangular form, supported by four curved cartilaginous plates, from 
which aje suspended four elongated, tapering lips, or tentacula (Figa. 
183 and 184, a, a). On inverting the disc (184) the short, fijur. 
sided (Beophagus is seen in the centre, leading to a capacious gastric 
cavity, partially divided into four sacs (183 and 184, c, c), and fimn 
each of these sacs numerous alimentary canals (183 and 184, b. ft) 
radiate towards the margin of the mantle, ramifying with groat regu- 
larity, but presenting few anastomoses compared with those of the 
Rhizostomes. 

Around the lower part of the stomach the four ovarial sacs (1&4, 
c) are placed, containing the colored ovaries, and opening externally, 
each by a distinct aperture. From around the margin of the stoi 
sixteen canals come ofi', alternately simple and ramified, which ei 
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the oiroular vessel (184, rf) passing round the margin, and by placing 
I the living Medusa in sea wuter tinged with indigo, the stomach (18-', 
I «), the radiating vessela (1S4, b, Ji), and the circolar marginal canai 
] (184, d), are soon found to be filled with the blue coloring matter, 

Ko. 1SS. Fis. l.il. 







while the rest of the animal remains colorless. The free margin of 
the mantle ia fringed with a row of minnte tentaoula, which appear 
to be highly senHitive, and in constant motion ; the organs of vision 
(according to Ehrenberg) are placed in the Blight depressions around 
the free edge of the disc («, 183 ; /, 184). 



LESSON XXXII. 

ORGANS OF NtrrBITION IN THE ECHUTODEBHA. 

527. The bodies of Star- 
I fishes. Echini, &c.,are more 
I'Or leas covered with spines 
I (Fig. 185), and hence the 
' Dame of the class, which is 
I (bnned from ecAinus, a spine 

■adtlff-ma, ekiu; freijuently 
J are called the prickly- 
I ghiitTud auinials. 

528. The digestive ap- 
L paratus in the Starfishes, 
I and ita immediate allies [Euryale, Ojj/n'wrffl, or brittle stars. Jsff/'tas, 
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&c.), is very ^mple; like the H^fdra, it conatste of a uogle fl 
with but one aperture. 

Id others {ComaUi2<t, Enerinus), the digestire ouidl ie more 
leogtheocd, und curves upon itself, and bas tat outlet dUlinct from 
the mouth. 

In the Echinida (Sea-wchim) and Solofkurida {iStt 
, bers) there is a long, narrow, convoluted iDteHtiue, passing t 
the body, with very slight gastric enlargemctit. 

In the higher fomiH of Stur-fishos (HolotUuridie) the folds ol 
long intestine are connei-ted by means of a highly vasoulu n 
tory, vrhiuh, whether injected artificially or othtir wise, present* ai 
ject of surpaaxing beauty. 

529, The mouth of the Aslcriat (Fig. 1S6) is placed in the 1 
tre of the inferior Burface of the body, surrouuded by long tun 

teDtaeula, 

tocted by fascionlljl 

calcareous spiuea 

By means of »" 
very short oesophagus, 
it leads directly to a 
wide and very dilata- 
ble stomach (a), pro- 
vided with a distinct 
internal mucous lin- 
irifT, and an external 
muscular coat. 

It occupies the 
whole central part of 
the body, from which 
the marginal divisions 
originate. From the slomach two long, tapering, ramified coeca, 
which commence by a single trunk, are given off opposite the com- 
mencement of each ray, and arc distributed through it in a central line, 
so that collectively there are ten pairs of the cmcal appendages (h, b), 

530. Eaoh of these caeca is attaohed to the integument along the 
upper part of each ray, by a delicate vascular membrane. In addi- 
tion to these appendages, the stomach is also provided with small, 
short cceca (blind sacs) at its npper part within the diso, and at its 
sides, between the great ccecal trunks of the raya. 

631. The Echinida (Fig. 1S7) present a more elevated form of 
the nutrimental organs ; the mouth is furnished with five large and 
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powerful teeth, called the " Lantern of AriBtotle," for the commiDu- 
tion of the food (Fig. 1S8). It ta a singular fact that, in this Class, 
the number ^tw, or its multiples, constantly meet as : Jive rays, Jive 
teeth; ten ccecal appeodages, and bo ou. In the Claiis Acakpha, 




/our and its multiples are as constantly found ; the tentacles are/ 
in number or eight ; and this principle is constant in these two claaaes. 

532. The teeth (Fig. 188, a) are three-sided prisms, dense at the 
lower, pointed extremity, softer at the base, with their inner edge 
sharp and fit for cutting; they are each implanted in a larger trian- 
gular pyramid (6), two Bides of which are in close appoaitioa with 
opposite sides of the adjoining pyramids, and are transversely grooved, 
like a file. 

A further view of two of these teeth, in apposition by the alveo- 
lar processes, is given (Fig. 189). The upper, soft portion of the 
teeth is shown at a ; the terminal, hardened 
part at b ; the alveolus at c. The secretion 
of some simple salivary follictca assist in com- 
pleting the mastication of Uio food. These 
teeth are put in motion by a series of well- 
developed muscles, said (by Valentin) to cou- 
sist of the striped fibre. 

533. In the cavity of the lantern is the 
pharynx, which is divided by five longitudinal 
folds; the salivary cooca are placed in its im- 
mediate neighborhood. A slender cesophagus 
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(c) leads to tbe gastric portion of the ioteatine (d) ; and that coual 
twice winds round tlie circuit of the abdominal cavity before its Ciml 
t^rniination. The intestino is generally found loaded with fine ^iind ; 
its surface, and that of the vascular mesentery, ia oovered with a rich 
network of capillary hlood-reBeela. 

534. Neartheiesopbagu3isafuBifarm,dilit«d, contractile vesicle; 
this is the heart, and by tying a Hmall pipe in it, and passing injec- 
tion through it, the whole vascular eystem will be beautifully dis- 
played. A trunk proceeds from the heart, which forms acircle round 
the oesophagus, at the base of the lantern ; a second trunk proceeds 
frnm the opposite end of the heart, and forms a similar circle round 
the vent; an artery and a vein also run along the concave margin of 
the intestine ; the blood is of a yellowish color, and exhibits a dis- 
tinct nucleus. 

BOLOinCKlA. 

535. These animals have been likened to a lengthened Eohinaa, 
deprived of its calcareous plates, and with its axis extended in a lon- 
gitudinal direction. The skin U usually soft and leathery ; in a few 
genera, strengthened by calcareous spines. Five avenues of suckers, 
termlDating the long retractile tubular feet, divide the body into as 
many longitudinal segments, which, in the majority, are of equal, or 

nearly ctjual dimensions. In some species 
the suckers are developed only on one 
side; inother species the body is entirely 
covered with them ; the suckers are simi- 
lar in every respect to those of Echini 
and Star-fishes. 

536. The mouth is surrounded by 
plumose tentaculft, usually of great beau- 
ty; when complete, the number is al- 
ways Jive, or its multiple (Fig. 190). 
The tentaoula can be withdrawn into 
the mouth by means of its proper 
muscles, and in captivity they frequent- 
ly tantalise the eager naturalist by re- 
taining them in the interior of the 
body for ilays together ; nay, they often 
die with them in this position. 

537. They are provided with a circle 
rif teeth, analogous to those of the 
Echini. 
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)36. The (BBopbngus passes through this circle, and opeua into 
a more or lees mnscniiu- stomaoh, from which on intestiae, often vor; 
complicated, proceeds to the posterior porlioa of the body, where 
it dilutes into a clotioa, from which two long TnmiGcd tubes (the 
respinitorj organs) originate. These facts are demonstrated in the 
aiiDesed figure of Hololkuria elegans (Fig. 191). 

The mouth is shown at a ; the tentacles, in this iaslanco retract- 
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ed, at b ; the stomach is .seen At d; a, biliary follicle (or, what is more 
likely, the ampulla Poliana, a bottle), which would seem to be pecu- 
liar to this species at c; the very long, convoluted intestine is con- 
tinned from the otomach, and designated by the same letter d, d, d, 
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nuti! it tcnniuiileB in tlio clo&ca,/,- it ia oouQCCteil to tbe body ia 
BevenU pluees bj b. meeealeiy of great rascnlnrity (e, «), which I 
cotineots ouo fold of the intestine to anollier. 

5i)9. TIio brancbiie (gilla, h), which arise from the cloftca, g 
off a, great trnmber of ramified brauthes frnm the central t 
Tbey aro ulwaya filled with eea water, from which tho gills p 
the power of elimioatiog the oxygen ; tiie Tesiclos, or oelb of 1 
gills, lire described at m. The blooJ-veasela which pa*9 from I 
iuc8t'ii[«ry to the gillB, oonveyiug the blood to be aerated, are ahowi 
Tt ,' and the cztenial opening of the cloncn at g. 

Seen in a recently killed specimen, these gilk form a very id 
eating object j they then eeem to exhibit a constant rermifor; 
lion, which continues long aft^ the apparent dcatti of the animi 

640. One fact in counectiou with Holothuria is too remark! 
to omit. Those persons who handle a living specimen for thai 
time, wilt be surprised to find that, without the slightest proroa 
the integument suddenly bursts, and the whole contents of the % 
are violently thrown out; neither is this all, for, if the emptied ■ 
be thrown into a tceecI of sea water (which should be renewed iu 
the alimentary canal, and all the lost organic — including the 1 
and the tentueles — will be reproduced. 

541. This act appears to be duo to the excessive irritabilin 
these luiimals, which, when once excited, appears to be beyonw 
power to control. The moscular system is of enormona power, (| 
pecially in the transverse direction of the body. 

fi42. To enable the creature to shorten its length, and to retnurt 
tlie head, strong tendinous chords are attached to the muscular coat j 
of these, five are devoted to the head alone. 

543. The Ciicumariafrondosa ia the reputed largest Holothuria 
known ; Fig. 190 is copied from a apecimeu, now in the Uunterian 
Collection, England, which measures twelve inoLes in tho dead stnte ; 
beside it, in the Museum, Is a preparation of another individual of 
the Eome species, which, ia life (samutimes) measured three feet^- 
it did £0 at the moment it was killed, and at the instant — contra 
to four inches, aU that it measures n 

544. Tho sexes in these animals are separate; the i 
organs of the female — the tubuli containing an immenBC ijuaiitity of 
ova — are seen at A. These, filled to repletion with their valuable 
contents, form a very interesting object for tlie microscope, while tbe 
rich orange color of the ova contributes greatly lo tho attractiva ' 
of each a preparation as that figured. 
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f From the amazing number of ova deposited bj the various 
m of Hoiothuria durmg only one aeason, they ouglit to be tbe 
most abundant of all animalg, iuHtead of being moderately rare; the 
probability ia tlial their egga are greedily eaten by Bmull finbes, Me- 
! Zoophytes, and, in fine, by the host of small Carnivora 
I incident to the ocean, 

A preparation of tho Ovarium of Cweumaria frondoaa, dissected 
out of the body, is shown in Fig. 192. The tubuli arc suspended by 
the oviduct (a), Uic tubes 
being quite full of ova, of a 
rich orange color. The organs 
of reproduetioa are ]> laced iu 
tlie head, between tho len- 
tacula ; the esternal orifice 
of tbe oviduct ia a small, dark- 
colored papilla, which (unleas 
carefully sought for) mi^ht 





V of these 



tubuli, 



easily elude detectioa An enlarged vi 
showing their contenta, is given in Fig, 193. 

546. One of the most elegant preparntiona the animal kingdom 
can funiisb, is tbe respiratory organs of Ilolothnria. 

Those of Cucuraaria frondosa are reduced from eleven inches in 
height, and shown in Fig. 1114. The eloaea (a) ia entirely covered 
with strong, flat muscles, which were attached to the muscular coat 
of tbe integument. Great muscular power ia necessary to this organ, 
vboae oonalant function it is to draw water from the ocean, puuip it 
up to the minutest aac, or modified air cell (ij), and discharge it 
when unfitted for further use. Beside the Cloacal outlet, tbero must 
be a aeries of minute apertures, which have hitherto defied discovery 
in eonnooting with this apparatus, for, if a specimen (previously ao- 
onstomed to handling, by being tickled daily, in sea water) bo care- 
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fiilly lifted out of the Teasel coDtaining it, on the palma of boili 
bonds, five beantifnl, minute jets of water, crossing e»cli other in 
TariooB directioDB, will frequently be seen ; bo great ia the quantity 
of water contained io the respiratory apparfttus, and no sinul! the 
apertures, tLat the Ftreams will continue steadily to flow for half a 
hour. 

547. The intestine, vhich, ^a before described, also ternuoata 




the cloaca, is shown at b ; the respiratory tabes, with their ramified 
branches, at c. These organs, like the alimentary canal, arc confiued 
to a given sitaation in the interior of the body : the latter, by means 
of the mesentery, the former, by a series of round, white, tendinoua 
chords (e, e), 

Authors who have only seen such a preparation, and know nothil^ 
of its connections by manual czamination, have greatly mistaken li 
character of these tendons ; thus Grant (and others] deecribea t 
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■■ aa folliclee," and add that " they pour their seoretion into the respi- 
ratory organs." • 

SIPCNCULUS. 

548. The rough Syrinx, Tube-worm, or Sipmumlus, according 
to modern claBBification, b a very curious animal, and as much (ap- 
parently) unlike a Star-fish as can be imagined. It is, Lowever, 
closely allied to Holotliuria. 

549. The body is cylindrical, and covered with a strong coriaceous 
(leathery) integument, geoerally rugoua (wrinkled), except at the 
posterior extremity, which is longitudiiiuUy grooved to ita termi- 
nation. A specimen, about two incliea long, la represeuted in Fig. 
195. On opening a aimi- 

ilar specimen, a very cu 
rious condition of the 
QUtrimental iipp4ratu!i 
presented itself ; thtgas 
trio cavity (Fig. 190 i) 
is clearly distinguis!) 
able ; tiiia terminates in 
an intestine (b) apparent 
ly filled with fine sand, 
which ia of considerablt. 
length. It dcM;end» in 
a tortuous course to the 
posterior portion of the 
body; it then winds upon 
itself in a series of close 
folds, and terminates by 
a small tube (c) at the 
vent, which is situate 
near the base of the proboscis (the latter not exceeding one-tenth of 
the body in length), close to the antei^or extremity. The longitu- 
dinal muscles are beautifully displayed, and several strong tendons, 
some oblique in their position, are equally well shown. Two long, 
narrow, sacculated bodies (d, d) are seen, but whether they are 
gUndnlar, or Ampullie (like a bottle ; the heart of Ilolothuria ia 
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so called — Daunlly with the addition or the oamo of iu disooverer. 
,j,. IP- Poll — thus: aoipulla Poliana), or Wong to the 

reproductiTe (anotion, b difficult to say — moti 
likely the latter. Out of /our animaU of thi» 
species dis^cted, aud made iuto proiiantions 
fnhich exist), no trace of teutucula was ftmod 
in cither of them. 

Tho muscular systeni in these animals, like 
that of Holotliiiria, is powerfully dereloped. 
It is arraogod (us already shown) in longitndl- 
niil piirallel fibres, whilst, the head can be te- 
trncted by n very strong tendon, attached to it, 
Qod inserted hy a broad expanded bsae, ImIow 
the lower third of tlie aniuiara body. 

A view of tlie muscular Byst«in, dissected 
out of the btv'jj'unieut, is given in Pig. 107. 
'"'"^ The musclca are described at a, and the tendon, 

above referred to, at 6. 




LESSON XXXIII. 




OROASa OF Kl' 

6o0. The Latin name which distinguishes this claw i 
&oin antUus, o. little ring, the bodies of all the individuals b 
to it being composed of a series of little rings, or segments. 

551. A peculiBrity of this class is, that they all possess 
blood, generally red, although in some spcoiea it is yellowish ; from 
this circumstance they are very usually called " the red-blooded 
worms." Many of these animals are Terrentrial (belonging to the 
earth), as the common Earth-worm (Lumhrieus terrestris), or Angle 
worm, but by far the greater number are inhabitants of the ocean. 

65^ Tho mont attractive portion of the structure of a majority 
of the marine worms, is the respiratory tuft, which is placttd (in 
some species) at tho summit of the head. A very common marine 
worm is the Serjmla eaniortuplicata, a figure of which is given 
(Fig. 198). 

bh'i. When all is quiet, and the cre;tturL-s arc luxuriating iu 
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■istt Ibcir respiratory orgnns (c) far 




tupllc^.^. 



their natire element, tbey tiin 
above the head, the ribra- 
tilc cilia being, &t thi; 
ae time, ia rapid mo- 
tion. But if any thing 
chance to disturb them, 
the respiratory tuft is 
D&taotly withdrawn iulo 
the tube {a) in which tliu 
body is onntaioed, a [id 
the oonioal plug {b), form- 
ed like the shell, of car- 
bonate of lime, but C'V- 
ered with flesh, ia dr.iv.-n 
tightly down, and efil.'ct' 
nally olosea the entrauee 
to the tube. At the top of ihe confcal plug a pair of furcipated 
inBtnimcat« are placed ; it ia their fuuc- y^. ion. 

tion to collect sand, and " puddle " it ' 
down, §0 that it fill entirely the coucavo I 
Buiumit with a compact layer of fond ; 
hj this expedient they fretjucntly es- 
cape molestation by even pretty good 
naturulists, who affirm that " the aui- 
inal is dead, and the Bhell filled with 

654. Much uniformity of plnn pre- 
vails in the structure of the nutrl- 
mental organs in this class, consisting 
for the most part of a tube, generally 
possessing enlargement of the gastric 
cavity (stomach), which passes straight 
through the body, 

555. In some of the liigher worm^, 
as in the Sea-mouse (Aphroilita acu- 
Itata), the strong, muscular, gizzard- 
like stomach is supplied, at its tenuinal 
portion,<with the secretion of a great 
niunber of long follicular glands. 

556. In the annexed figure of it 

(Fig, 109) the month is shown at a, a iiim,.injirj- cinsl, Ai.brodUt noulcaU. 
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ileaae fleabj proboscis at. b, tlio central portion of the digestive t 
which represents the Gtomnth, at c- ktcrul, ccBcal appeodagea ■ 
oDd the veot at €. 

557. The Leech prcsciita an interesttug form of the nutrinieall 
organs ; the mouth is triangular, aud armed with three fig. MA i 
crc80GDtic jaws {a, a, Fijt. -00), presenting their sharp [ 
convex margin toward the oral tavity, whioU margiQ I 
is beset with sixty small teeth (Fig. 201). 

It is bj the action of these little sgirs upon the 
tense integnmcnt seited bj the lubiul sucker that the 
triradiate bite of tiie leech is made; the niusck's of I 
the jaws are marked b, b (Fig. 200). 

558. The cesopbagos is short, and terniinali:a ii 






eii)guliirl^' coiupliunlcd stomach, divided by deep constriction 
eleven compartments, at the side? of which are cojeal pouclics, pro- 
gressively though slightly increating in length to tlio tenth, ami dis- 
proportionately elongated in the eleventh compartment (Fig. iO'l). 

559. Army Surgeons, who havu rci]uircd more leeches, after an 
Mgagement, than they possessed, have availed themselves of the 
knowledge of this peculiarity in tho structure of the creature's »li- 
^utury canal, to make one leech do the work of several, by simply 
eutting off the lower part of the body, when the blood pours oat in 
ft rush, emptying the canal immediately. 

Thereafter, the leech oontiiiQcs to Buok blood, as long as Lc is 
{lermitttid to do so ; ho always feels empty^-so his appetite continues 



SCO. It is a commi'm practice {in Europe), after a leech haa Irfi 
K pntictit, to throw salt upon il, to produce vomiting, which it in- 
TarinMy does, but it kills tho leech. 

H'A. The bt'fit plan is, to hold it firmly at the posterior portion 
of the body with one band, and draw it steadily through two fingers 
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b'litber hand, using some pressure at the Btune time. By this 
lff«if " Btripping " the leech, tbo stomach, and the lateral pouches 
rill he entirely emptied, and the animal BOon beoonie§ ruady to 
penew hia labors. 

6G2. Although ever ready to relieve auf- 

aring humanity of inflamed, or otherwise 

fiHifieased blood, this does not couetitute the 

latnrol food of the leech ; it is well known 

biek room that, while the majority of 

lie from the effects of their first sun- 

pinary meal, those of them that recover re- 

1 a. weakly condition for nonie weeks 

l^fCerwards ; and it rarely happens that one 

lleeoh will do duty a second time. 

5G3. In t]xe sanil-votui (Arenico!a pisca- 

Btontim — Ihe fisherman's wonu) the , blood is 

if a, most brilliant red, and the highly I'ascu- 

u, rcspiratury tnfla, form charming objects 

Kl, I, Fig. Ii03), with or without the microw^Dpc. 

The moulh is at a ,- the gastro- intestinal 

mal commenocs at the termioatiou of the 

BOphogus (b) by a sudden dilatation, into 

nrhich two ccecal glandular pouches (c) pour 

Ptheir secretion ; the rest of the canal is sim- 

I .pie in its outward form, but its walls arc 

I thickened by a stratum of minute secerntDg 

l cells (y'), which prepare a greenish yellow 

I fluid. 

The circulation of the blood in this worm 
V is very interesting ; there is on each side of 
I the OBsophagua, at its lower part, a contrao- 
I tile sac (/), which sends off a large and 
I'Aort ressel downward, toward the middle 
I Ventral line, where, meeting with its fellow 
L trunk, a ventral vessel (e) is formed. This 
I Teasel (e) furnishes a pair of transterse oa > « . 

t liranchea to eaeh ring of the body, which, at the seventh segment, 
B.^ietrate the branchial tufts (I, t) attached to the sides of that and 
luoceeding middle segments of the body. The pulBations of the two 
sophageal Tentrioles (f) propel the blood into the ventral ve^Bel 
I (fi), through the veBseU (m, m) to the gills, where it receivoa a new 



122 



AXIUAL PHTSlOIXXiY. 



impulse by the contractions of these organs, and, after baviDg bcnn 
oxygenized, it is returned, purtly by vessels of the skin, but chiefly 
by a diroot and contiDuoos IuUtuI Tessel [k, k), to the dorsal artery {g). 
This artery extends from one end of the body to the atbcr. At 
its middle part it recoives uiiny traaaverse hranches from tlic di^c~- 
tive tube, and through them joins the inferior intestinal vein [h- 
The vascular network thus formed around thu intestine gives origi.i 
to two veins at the eides (i), which terminate in the dorsal \eaaek, 
immediately behind the ventricles {/, d). 
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5C4. The Kpiioa(epi, upon; Tdon, 
an animal) form a most extraordinary 
class of animals. They are external 
parasites, usually on the bodies of 
Fishes, whero they attach themselves 
to the skin, the eyes, and the gilts. 
Their nnmber is prodigious, probably 
exceeding that of the Gslica they infest. 

Limited space will not atlutr of 
moro than one illustration of this 
class — the Aetherei/percartim — feond 
attached to the eye of the Perch. 

505. The mode by which the Ler- 
niea [as these animals were called by 
LinnrauN) adhere to their prey, is pe- 
culiar, and cLaracterislic of the claaa. 
A piiir of hollow, tubular feet, ad- 
heriug by their terminal extremities 
{Fig. 204, I, I), gives origin to a onp- 
shaped sucker (m) ; this a the instrtt- 
nient of adhesion. 

666. The mouth oonsiata of l^pef 
{b) and under jaws, the latter pfO- 
vided with feelers; besides Ihesc^a 
pair of jointed antenna, each t«niH- 
iiated by three email bristles (a). 
The ulimcutary eacnl ts, as in all 
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tliese aoiDials, etraiglit, and tenoinates by a rent, at the cstremit}- 
Dppoaito to the head. The iutefiticc ia fttsiform, and divided by a 

L iseries of slight coDstrictioDs into sacculi (uiinute sace, d). 

It is maiDtained in ite positioD by a tiunsTorsi! imsck' (A) ; tUc 
walla of ihe abdtitueu ore dLstiuetively provided with longitudinal 

I (t) and Iransverse (A) fasciculi of muscular fibres. 

6GT. The ucrvnus system consists of a single cephalic ganglion, 

I placed on the ventral sur&ce, from which arc continued two princi- 
pal chords {g, t/) extending along the under surface of the body, 
Tiie heart may be seen in the middle lino of tha cepbalo-tborax 
(head, chest), propelling tho blood forward?. Two canals poaa 
from it into the hollow feet; the rest of the blood is distributed to 
the head, and along each side of the oommcncemont of the alimen- 
tary canal to the under part of tie body, where it passes backwards 
in the vessel which accompanies the intestine. 

568. The ovaria (o, o) at first appear as long, blind lubes, sac- 
culated along tlio outer side. As tho ova become developed, tht.' 
ovarium takes on the form of a bunch of grapes, 
and occupies the whole cavity of the abdomen ex- 
ternal to tho intestine ; each ovarium terminates 
by a triangular, and somewhat prominent orifice, 
to whicli the cxiemal ovisac (f) is appended. 
ThU latter structure agrees with the form of es- 
temal ovisao in the lower Crustacea, into wbiuh 
a ova pass from the abdominal cavity (having 
Att&lncd a certain degree of maturity) through the 

, oviduct e, for their full deveJopmout, previous to 
the fertilizing influence of the male. 

569- The disparity of siae in the sexes is considerable, as appears 

I by tho umexed figure of the Male Actberes (Fig. 205). 







LESSON XXXV. I 

ORGANS OP KUTBITION IH CIRin?GDIA. I 

670. Like the Epiioa, many of these animals are parasitic, btt 

mlike the latter, tlieso have only a residence on the bodies of nni- 

I'loals, obtaining their food from other aonruea: thus the Tvhicinella 

\ u paraeitic iu the ekin of the Whale, bat it does not obtain its sustc- 

laaiioe, or any portion thereof, from the animal whose akin it inhabits. 
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671. The Cirripeds (meaning curled J 
orders : those having a peduncle as ao orj 
Lepads, and those which are Msiile (sitting close upon the bod;), are 
the Balanoids. The first, are conuuouly called BamacUt; the 
second, Aeorn-shelh. 

572. The visaeral mass in this cIsm is usually protected bj a 
calcareous shell composed of several pieces ; but in Olion cornuta, 
the viscera is protected bj the developmcDt of a horny sheath. 

573. In the common Barnacle {Lfpas anati/sra), found so 
abundantly adhering to ships' bottoms, the calcareous matter extends 
from fire centres, so as to aSbrd protection to the whole body : the ce- 
phalic pair of valves is the largest All the valves are strongly marked 
with lines of growth, formed by succesuvo addjtjone to their margins. 

574. The sessile Cirrlpeds {Acom-s}ieUs) are defended by a 
multivalve shell; the base of which is generally formed by a calca- 
reous plate, and the walla are apparently divided into twelve conical 
compartments, six of which rise from the margin of the base and 
terminate in a point at the free margio of the shell ; whilst the 
other sis, in the form of inverted cones, occupy the lntcri<pacca of 
the preceding series. 

575. One illnstration of the structure of a Lepad will suffice ; 
Pi^^ j^j animalcules, or other proper 

food, are brought to the 
mouth {a, Fig. 208) by the 
cirrigerousfect (&),and seised 
by the lateral jaws ; they 
are then conveyed by a short 
ffisophngus to a dilated ston- 
.ifli (f), which receives the 
ducts of two salivary glands , 
(k). Groups of hepalio cceca 
are developed Erom the walls 
of the stomach. The intes- 
tine (d) is bent upon the 
stomach, and tapers with a 
slightly sinuous course to ter- 
minate at («), the base of the 
c-nudal appendage (/)• In 
these pednnoulnledCirripeds, 
slender conical braiicbiw (g) 

LtpnsTitron. , , *^' 

are attached to the uosc of 
lillary foot, and to that of some of the cirrigerous feet. 
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In the pednncnlnted Cirripeda, a large grannlar, glandular mass 
covers the viscera iinmediately beneath the muBCular tunto of the 
body; its numerous ducta successively unite into three or four prin- 
cipal trunks, ivhich terminate in a lateral rooeptaele (A) at the side 
of the intestine. In Lcpas, a duct is continued from tliia receptacle, 
which passes through tJie oaool of the ezteiuile tail (t). 
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OEBASS OF NDTElTlOtJ IN TEE CBUSTACEA. 

576. In these antmaJs we find a class of articulata, in which the 
f aegmQiitB of the body are provided with articulated (jointed) limbs, 
I or appendages. They arc aquatic ; only a few of them beiug able 
to support themselves, and that for a short time, on land. 

57". Their breathing organs, or branchiae, are organized for 
I aquatic respiration. 

578. In the highest individuals of the class, the Crab, and the 
Lobster, the external layer of the integument is hardened by the 
addition of earthy material, consisting of the carbonate, with a very 
small proportion of the phosphate of lime. In the smaller and lower 
Crustacea, the tcgumentary covering retains a flexible, horny texture. 

In a great proportion of the class, the body consists of twenty- 
one rings, of which seven arc more or leaa soldered together to form 
tihe head, seven more enter into the formation of the thorax, aad 
the remwning seven constitute the body. The great ponderosity of 
the skeleton of the lobster, by the deposition of such inordinate 
quantity of the Carbonate of Umo, is eeaeotial to its well being, its 
great weight having the effect of keeping the animal at the bottom, 
Dotwitbetanding the turbulence of the ocean. In these animals, the 
smaller claw is provided with two rows of pointed, sharp, cutting 
teeth, used as shears to divide its food ; the larger claw, on the eon- 
trary, is furnished with two or three short rounded tubercles, and 
endowed as this claw always is with enormous musoular power, the 
instrument becomes a most efficient anchor. 

579. The means of locomotion of a lobster in the water is pro- 
digious ; it expands the five plates, constituting the terminal portion 
of the body (or tail, as it is usually called), and by a single down 

I Stroke it ia propelled a distance of from 16 to 20 feet ! 
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580. The mouth in tlie higher Crustacea ia general!; furntd 
with a pair of Etrong palpigeroua mandiblca, and five o 
of jointed under jaws, which moTe trans verselj, and support articu- 
lated feelers ; the three outer pairs of uoder jaws arc the largest, and 
snpport gills at their base. 

581. The entrance of the month presenta an upper lip, a bifid 
tongue, and eometimes an nnder lip. The mouth opens by a very 
short, narrow ceaophagus into a capacious stomach (Pig. 207), pro- 
vided internallj with a great number of minute {microscopical) 
teeth i in addition to thcee, there are three very large caloareoos 
teeth, situated near the pyloric orifice of the stomach, their eite naL 
portion being remarkable for their redness. 

In examining the esternal aspect of this stomach, the very 4 




OBSophaguB [h) is seen to terminate immediately m the Oapacions di- 
gestive sac {d), at the upper portion of which a pair of short, strong 
javrs (c) are seen. A number of strong calcareous bones, longitudinal 
in their direction, support the membranous portion of the stonuob, 
and form a solid basis for the support of the large teeth. The cen- 
tral rounded tooth {b, Fig. iiOH) ig supported upon a large, somewhat 
triangular hone, transverse in its direction. The entire organ is cov- 
ered externally with a layer of muscles of great power. The pylo- 
rus is shown at a [Fig. 207). 

582. Two of these teeth (a, Fig. 208) resemble the grinding or 
molar teeth of an Elephant, whilst the third, which is placed in 
front, and somewhat below the former, has a rounded termination (A'. 
The lateral teeth are employed to cut, divide, and comminute l!.? 
food, which is performed, by a rounding motion, like the action uf 
one mill-stone upon another; the third tooth is employed in constant- 
ly pushing the food, as it escapes between the grinding teeth, back 
again, to be more thoroaglily triturated. 
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The whole of this curious gaatric apparatus (the three large teeth) 
' eoBStitnte what is popularly called " the ladj, in the head of the 
Lobster," and, when inverted, the rounded tooth personates " the 
lady," who is supported by the two lateral grinding teeth. 

5S3. The alimentary canal passes, without eonvolutions, through 
the long axis of the body, and opens by distinct apertures at each 
extremity. The mucous coat Bometimes forms folds in the cesopho- 
goa and stomach,- the muscular layer ia strongest at the orifices of 
the stomach, and there is no mesentery in the abdomen. The py- 
loric extremity of the stomach receives on each side a short and wide 
duet from the liter, but tbia part of the subject will bo best under- 
. stood by reference to the accompanying figure. 

A longitudinal sectioD of a Lobster (AstaoHB marintis) ia giren 
f in Fig. 209. Tho under jaws (a), with tlieir feelers, are placed on 
f the inferior aspect of the head, between the large claws and the two 
pairs of aulenn». 

The short oesophagus opens into the 
Btomaoh {b), which is surrounded by the 
numerous lobes of the liver (n, n). The 
intestine (c) receives at its commence- 
ment the two hepatic ducts, and passc.j 
I beneath the heort (e); the posterior adr- 
1 ta (A) follows nearly a straight course u- 
~ e vent, which is situate below the last 
t of tho body ((i), 

584. The anterior aortic vessel (/), 
tnd t^ pulmonary Tein {g), are both 

V^utinctly seen. 

585. In addition to the vascular sy.-:- 
J ^ already described, consisting of tln.- 
rinart and arteries, there is yet another 
1 aorUon of the utmost importance, uame- 
I if, venous «nwac5. 

. Instead of veins, the blood is 
rretanied to the heart by these struc- 
, which are largo, loose sacs, the 
Mat of vhich ia of delicate transparen- 
Tho heart itself is enclosed in a ve- 
a simis, and lies literally bathed in 
id. These Binnaes communicate 
It with each other, and with t!ic arierial i 
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ses will aU finu, 



to procure a minute injeotiou of s lobster, is to put 
and puss the injection through it. The venus aim 
afterirards the arteries and the heart. 

5ST. If, in the ferocious combats to whiob the lobsters ue always 
exposed, one happen to vound a claw of its odverssry, the iDJuivd 
lobster instantly caats off the Umb, a!ws,ys at ft particular joint — at 
the second articulation. If this were not done, the aninial would 
soon bleed to death, in consequence of the Iterated venus einua. 
CaBt off at the joint indicated, provision is made there, but nowhere 
eke, for the perfect contraction of all the soft porta, and, aa the lob- 
ster possesses the power of renewing lost portions of itB stmcturei no 
permanent injury reaultB. 

588. The membraneR coropaaing the walls of these sinoses.a 
Buch estremo tenuity, that they can only be demonstrated by tl 
of the injecting syringe; the moat careful and accurate diss 
fiuls to disooTor them. 
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580. The intestinal canal of any animal is the tube which ei 
mences at the mouth, and ia devoted tfl the reception of nutriment, 
whereby the growth and development of the individual may be pro- 
moted, and the wear and tear, and positive loss since the last meal, 
may bo compensated for. In all the higher animals this canal p«M- 
sesses an opening at the opposite extremity ; tLat this is not essen- 
tially necessary we have abundantly seen in relation to classes al- 
ready discussed — Infusoria ; Enlozoa ; many Pdypi ; the Aeatt- 
pha; and Asterias, amonst the Ecbinodermata. 

Examples of this condition are not wanting in Insects, but it 
rarely occurs, and is only met with in the infantile condition (larvn, 
maggots), and never in the perfect insect. 

590. This canal b subject to great modifioations of distension 
and constriction, whereby it is separated into a variable number of 
divisions, and as the function of these divisions is dissimilar, they 
have reeeived different names In addition to the partition of the 
canal, there are peculiar processes, or appendages, which either origi- 
nate from or open into it. 
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591. The intestinal canal of InBeols conBiats of three nienibranes; 
the innennoHt membrane ia smooth and lejtureless, and lariotisly 
armed with horny lines, ridges, or teeth. It is moat distinct in the 
pharynx, crop, and proTontriculus, or gizzard. 

The second layer is white and smooth, and, although usually thin, 
ia Bometimea thick and spongy. 

The third (outer) layer is acompact, firm, fleshy, muscular coat; 
it ifi not equally obaervable in all parte of the intestinal canal, but is 
readily seen in the pharynx, stomaob, and colon, but it is lost in the 
I OTop, or craw. 

592. The length of the intestine in Insects appears to be governed 
by the same law that regulates it in other animals; those that feed 
on vegetable matter usually possess a longer and more distended in- 
tCBtine than those which feed on animal matter, in which it is shorter 
and narrower. 

593. In this class the intestinal oanal is divided into the pha- 
rynx, the as<^hagus, the crop, or crate, the prouentrieulus, or gisr- 
lard, the stomach, the duodenum, the iUum, the eacum, and tbe 
colon. 

594. The appendages are tbe salivari/ glands, tbo liver, and oer- 
tsin vessels supposed to constitute a kidney. 

595. The several parta enumerated are never all present in the 
sane individual; sometimes one part is wanting and somutimea 
another. Thus, insects with a suctorial mouth have no need of a 
pharynx ; neither do they possess a ijizzard, for, feeding upon fluid 
food only, they have no need of such an organ. The part moat nsu- 
ally deficient is the duodenum, which has only been found in some of 

I the beetles; after this tbe caeum ia leas usually found, as it belongs 
r osly to those insects which feed upon animal matter. 

696, The biliary vessels are seldom wanting, the salivary glands 
I frequently, and the kidneys very generally. 

697. The Pharvsx is the funnel-shaped commencement of the 
Wphagus, and is only found in mandihulaie insects ; it is of large 
M in grasshoppers, cockroaches, and most caterpillars. 

598. Th8 QJlaoPHAous extends from the pharynx to tbe stomach ; 
it ifl distinguished from the pharynx by its smaller capacity, and from 
the stomach, by its dificrent structure. In the Lepidoptera (butter- 
flies and moths) it is double for a apace, and then united into one tube. 

699. The separation of cesophagus from stomach is sometimes ef- 
leoted by a constriction; sometimes it passes insensibly into it, and 
I wnnetiiues the crop intervenes between them. 
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600- It liM been remarked that the crop U abaent in insecM pro- 
vided with a suctorial mouth, but all these poa§eBs a peculiar organ 
not fouud in olber iosects ; this is, sometimes, a bladder- shaped disten- 
sion of the <Bsophagus; in others it forms a distinct bag, which opens 
into the ogaophagus; and in still anotlier order it haiigs appended to 
the (esophagus by means of a long, thin duct, ^ei^aentlir fiir in front 
of the stomach. 

GOl. This organ is the suckituj, or pitrnpin^ Btomach ; iia func- 
tion does not consist in being a receptacle for nutriment, but in pro- 
moting the procuration of it, by distending at the pleasure of the in- 
sect, and bj tbe rarefaction of the air contained in it, facilitating the 
ascent of fiuids in the tefiiiinal proboscis, and (esophagus. But 
action of this organ will be more fully explained hereafter. 

602. The PBovENTRit'ULce, or gizzard, is the third diriui 
the alimentary canal ; it is a small, narrow, and tubular cavity, 
nished with teeth, spines, or homy ridges. It lies in front of the 
mouth (or commencement) of the stomach ; it is found in all insects 
prone to feed on hard substances, which reqtiire thorough comminu- 
tion previous to digestion. 

Externally it has a roundish or ovate appearance, and is mart 
distinctly muscular than any other portion of the intestinal canal. 

603. The Sto»acu is that portion of the canal which cxt«nds 
from the end of the oesopha^a, or of tho crop, or of the gizzard, to 
the opening of the evacuating ducts of the biliary vessels. Some 
authors call it duodenum, because digestion oommenoes in it, but from 
the analogy of the higher animals it is probable that tho stomach 
ends prior to the connection with the bile vessels, and that thoir se- 
cretion is poured into the first of the intestines proper. The subject, 
however, is open to doubt, especially as we find commonly in the bi- 
valve, and other MoUusca, that the bile is poured directly into the 
stomach. 

The divisions from the stomach aro fewer and more simple than 
those whioh precede it ; with the exception of the colon they are 
much narrower than the stomach, and more delicate in their etruc- 

604. Thb Dcodknpm. — When this intestine is present, it is sepa- 
rated from tho stomach by a distinct constriction, which is probably 
a pylorus ; immediately beyond this the bile vessels enter the in- 
testine. 

605. Tub Ileum. — Wherever the duodenum is wantbg, the ileom 
follows immediately upon the stomach, &om which it is also aepi- 
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rated by the pylorus. Sometimes tliis iutestioe is wanting, and in 
that case the atomach joins the colon. 

€0G. The lost division of the alimentary canal is tiib Colon ; it 
IB asually divided from the preceding portion of the intestine by a 
I, which completely closes its aperture. The colon is subject to 
great variety of form ; it is found cylindrical, olavate (club-shaped), 
sao-ahapod or longitudinally folded. The situation of the colon is 
always determinate — found at the apex of the abdomen, and sur- 
rounded by the last segments. 

607. Thk C<bcum. — In many insects & blind, eao-shaped appcn- 
diage is found in connection with the colon; this is the ccecuia. 
Xike the intestine to which it is attached, this is also subject to great 
Tariation in form ; this portion of the canal is peculiar to the carniv- 
orous tribes, although occasionally found in the butterflies. The ex- 
Kot Unction of this organ is not known in any animal, but (in con- 
junction with the colon) in the higher animals it is supposed to be as 
% secoud stomach. 

608. The Biliabt Vessels. — These are narrow, filiform tubes, 
wbieh open into the duodenum, if present, or the ileum, where the 
jbrmer is wanting ; the ends not connected to the intestines are either 
free and closed, or pass into each other, and thus form one vessel, 

■hich pierces the intestine at both ends. 
C09. The Salivary Glanhs. — These are various in form, num- 
ter, and the situation where their secretion is poured. In some in- 
sects they are tubular, in others vesicular, and in another series lobu- 
lated. In some the secretion is emptied into the mouth, in others 
the proboscis, and lastly, directly into the stomach. Some insects 
bave one pair of these glands, some two, and others (like the higher 
animals) three pairs. Illustrations of them will be hereafter gireo. 

610. Before proceeding further, it becomes necessary to show the 
priDciples of classification of insects, which will render that portion 
of the rabject very simple, which, without its aid, would be involved 
in great confusion. Aa the simplest, but by no means the best, the 
Linnsaan system will be adopted. 

611, This naturalist selected the structure of the wings, thence 
called the Alary (wing) system, as the basis of his classification; he 
bad seven orders, the last being wingless. 

In addition to the names of the orders, and translation of the 
Greek compound names, an illustration of the slruoture of the wings 
in each order is appended. 
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6:-2. COLEOPTERA, 
(kolfos^ a sheath; pUron, a *rill| 



HEMIPTERA, 

[emisus, balf; pteron, im 
Tree-buos. 



LEPIDOPTERA, 

{lepis, a scale ; ^«wi, ft VI 

BUTTERELI£8 AND MoJ 

NETIROPTEBA, 

[neuron, a nerve; j>iero»,ft^ 



HYMENOPTERA, 

(Aym««,ameDibrane; pUron, AVing) 

Bkeh, Wasps. 
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DIPTERA, 

{dis, two; pUron, a wing.) 

S.OVKK A»D Flksh Flies, 

APTERA, 

(a, without ; pteron^ n wing.) 



WINGLESS. 



618. The structure of the month of an inseet gives fiur ioduc- 
tive erideaiie of the general coaforniatioQ of the nutrimental orgaos, 
as them is a Deoessary connection between them. 

614. The CoLBOPTBROcs insects, or true beetlee, whose delicate 
wings are covered and protected bj strong, bony ehealhs, or wing- 
covers, are mandibvlaie ; that is to euy, their upper jaws, or man- 
dibles, are well devebped, and offer the best type of stracture of these 
organs. In the mouth of one of the predaceous and carnivorous 
Tiger beetles {Cioindeia hybrida), Fig. 216, is the well-formed, 
slightly bilobed, upper lip (a) ; below, and on either side of it (l), 
are the formidable upper jaws (mandibles), in this inseet furnished 
with a number of strongly formed teeth, the better to kill and divide 
its living prey. 

The under portion of this mouth is shown in Fig. 217. The un- 
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der jawB, maxillie (o), are ftiraished with two pairs of auxiliary 
I jointed appendages (6, c), which perform the function of hands in 
1 conveying food to the mouth ; they are called palpi, or feelers, and 
I ere supposed to bo endowed with much sensibility. The trilobate 
I central piece (li) is the lower lip, to which is attached a long pair of 
r jointed feelers, beautifully fringed with hair (e) — these are the labial 
i paJpi {lalnum, the under lip), and the ohin is shown at /. 
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615. It has been remarked tbnt those ftuimala that Bnbaiet on 
itnimal food, Lave a short and simple form of the natrimental organs : 
Buch is the case with the Tiger beetles ; moreover, thej ore not sub- 
ject to much convolution, but are found nearly straight 

616. A figure of the alimentatj canal of Cicindela eampesfris, 
which is a beetle ■common in this country, and in Europe, is given 
{Fig. 218), The oesophagus ia shown at a/ it soon dilates into a 
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large crop (i), the Burfaoe of it being covered with minute follicle* 
This n succeeded by » small, but strong muscular giiiard (provcn- 
triaulus), e, the interior of which is lined with teeth. The giuard 
opens directly into the true stomach {veiitrieiilus), also covered wiih 
follicular appendages (if). 

At its lower portion the pyloric valve is placed, and in that 
neighborhood the biliary ducta (e) pour in their secretion ; it is not 
ijaite clear, however, whether the valve be situated below these bile 
ducta or above them. 

The intestine (/), comracnoea beneath the biliary vessels, and 
lormiuatea in a short, dilated colon (ij). 

In the large oqnatio beetle, Dytieus marginalia, found as abun- 
dantly in the ponds of this country as of Europe, the .orop is of largo 
size, and terminatoa in a gizzard provided with four large trian^ulAr 
teeth (Fig, 219). The crop (a) is a capacious bag, its interior heart 
with very minute teeth, and deeply furrowed ; the proven tricnt as, or 
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giizard {b), and ite four teetb, are seen just in advance of the com- 
meacemeDt of the stomach. The crop is opened to show the teeth. 

617. The month iu the nest order, Hemiptera, or the Tree bugs, 
has undergone remarkable modiQcatioii — the whole of it h trans- 
forniei). In place of well-formed upper and under jaws, ve hare only 
four delicate bristJes ; and these are so fine and fragile, that when 
nut in use tJiej require the protection of a sheath, vhioh is epeolally 
developed for their preseivutiou. The mouth of these iueects is Ah- 
tiuguiahed by the posscsBion of a jointed organ called the rostrum 
(Fig. 221). This bus from three to Eve joints. The organ itself 

Vic. "21 '^ simply an altered form of the 
lowiir lip, which in these inseets 
fiimis the sheath or protecting case 
alluded to. 

The remainder of the apparatus 
of this curiously formed mouth is 
Hhuwn in Fig. 220. The upper 
lip (a) is a long, slender, somewhat 
triangular scale; its office, however, 
ajipears to be uncertain, the jaws 
being confined in the rostrum. The 
bristles representing the upper jaws 
are seen at b, and the lower jaws at c. 

Frequently these organs ti^rminate in a fine point; at other times 
their extremities are provided with cutting instmrnents, those of tlie 
first pair always differing from those of the 
second. Although organized to pierce the 
tough cortex (bark) of plants, tiese animals 
neycr refuse the more nutritive juices of ani- 
mals if opportunity favor them, as every prac- 
tical Entomologist knows to his cost, and 
the pfun resulting from the bite of many of 
them b very severe. 

618. The best known insect of this order, 
is the loathsome household tormentor, the 
common bug {Cimex lectularius), and a figure 
of its natrimental organs is given (Pig. 222). 
The mouth receives the secretion of two pairs 
of salivary glands {h, i), in the form of sim' 
pie follicles, terminated by minute vesicles 
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Tho short ceaoptiagiis dilates sligLtly to form n verj email crop 
(c), wliitili oommanicates with a true stomach of some length (i^- 
In tliis, IIS in the former inataucc, the true position of the pyloric 
orifice is bj no meaDS clear, but, either into the atnuoch, or im- 
mediately at tho commeocement of the intestine, the liile ' 
{ff) empty their secretion. The canal terminates in a sliort « 
(c, / ). Thti head ie shown at a, the antonnce at b, and tlie tt 
ati. 

619. Tlie omnivorous Cockroaches (Elaitaria) ware e; 
included in this order by Linnseus; they now form a distinct o 
under the name at Iticiyopfera (dilctos, to make lace; pUron, 1 

The uutrimental organs present many points of great intermt; 
Fig s'>3 ^^ preparation from which the figure wa« made 

(Fig. 223), remains connected to the head, 
tho parts of which it ia not dow neocssary to 
describe. The cesophagua (a) terminates lu s 
large crop (b), at the tenoinal portioD of which, 
eight (sometimes only sis) large aii(^ 6 
gatttric teeth ara found (Figa. 224 and 1 
Ttie salivary glands are extensively der^ 
(c), and show a number of lobules terminal 
in a lengthened sac, each gland commonicating 
with its proper duct. 

The crop has had a portion rcmored, to 
Bhow tho structure and folds of the mnooos 
membrano ; this ia easily done, as the preja- 
ralion is preserved in fluid. 

620. Immediately below the provcntricnlas 
(gastric teeth], and at tho commencement of 
the stomach, there are eight long follicles disposed around it, nsmilly 
filled with a thick, white substance [d). These appendages in this 
situation are peculiar ; whatever the nature of tlieir secretion U un- 
known; butaome authors suppose (with great probability consider- 
ing the habit.<i of the animal) that they are a second series of salivary 
glands, pouring out their secretion on the food tho instant it has 
heen duly and effeotually comminuted by the gastric teeth. The 
stomach (o) be^na where the last described follicles connect, and is 
a long, tortuous, convoluted tube, terminated by a distinct pylorus. 
The Ileum (/) succeeds the stomach, and receives the contents <4 
the numerous short and slender biliary tubuli (g). 

The large distended colon joins the ileum ; after one convolof 
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it Darrows to a Bize BCarcelj larger than the stomach, and slight); 
enlarges again, prior to Its termination. 

The gaatrit! teeth (Figs. 224 and 225), are ahowo in two riewa of 
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them. In the first (Fig. 224}, the crop has been cut open, and the 
teeth seen in profile, whereby their entire figure is well shown. The 
central teeth show their toothed processes very distinctly ; the lateral 
teeth are somewhat foreshortened, and not quite so perfect. It will be 
seen that the upper portion of these teeth is tenniiiated by a long 
snd strong toothed process ; the lower portion also is indented, and 
toothed, the whole forming a most efficient apparatus. 

Moreover, they are based upon and supported by a series of bones. 

In Fig. 225, the spectator looks down upon the teeth, and into 
the funnel-shaped, valvular cavity beneath them. The teeth are 
Been at a; strong fasciculi of muscles be- Fm.tii. 

tweeu them at b, and the membrane which 
lines the funnel-shaped cavity, leading to the 
Btamach, is thrown into a number of large 
rounded folds, c. This membrane is covered 
with ft beautiful surface of minute pavement 
epithelium (Fig. 22G). 

621. A preparation, showing the salivary 
glands ontire, is figured in 227. The lob- 
oloa (S) are everywhere seen communicating 
by short ducts, witik the large duct common to 
the glands on either side (a); the latter 
ooalesoB, and form a eommon duct which emp- 
ties its seoretion into the mouth (e). 
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622, The LmnEean order Hemiptera i% confeasedly, an Ul-M 
ranged one ; in addition to the Cockroaches, and other extraneo 
insects, the Grsssboppcrs, Crickets, and their congeners, nere ad- I 
. nutted by the Ulustrious Swede. These have been removed by 
'modern Entomologista, but as the system here adopted is strictly 
Lioniean, if it be necessary to speak of these insects at all, it c; 
only properly be done in legitimate conneetioo. 

C2iJ. These insects, c^lcd dow Orikopiem, from the leatha 
structure of their wing oaaea, are all voracious vegetable feedera, a 
they present by far the beat developed prove utri cuius of e 
known to us. 

6'J4. The oesophagus in Locusta viridissima, goon terminalea ] 
the crop (Fig. 228, a) ; at the lower portion this forma a kind of neoE, 
p.„ „g filk'd with small teeth, which ends in tJic 

proveulriculns, in these insects a distlnoi 
organ (6). It lies slightly imbedded at 
its lower portion in another digestive 
sac, which is transverse in its direction 
(c), and to which a plexus of fine tubes 
{h}, like the biliary tabuli, are attached. 
To this succeeds the true ventriculus 
{stomach), which ia usually nairov, 
and of some length (d). At its lower 
portion, beyond the pyloric valve, tli« 
biliary vessels are connected (»), and the 
intestine proper commences, This ai 
first is a dilated sac (/), which becomes 
attenuated, and after a convolution ends 
in the colon (y). 

625. The salivary glands in Locusia viridisBima, the house, and 
most field Crickets, resemble those of the Cockroaches, and are die* 
flayed at i. 

626. The proven tri cuius is such a wonderful structure that it 
merits a distinct Dotice, and a more highly magnified view to show it 
(Fig. 229). 

The preparation from which the drawing was made, was diM 
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sected from tbe Mole cricket {Grylhtaipa) from Jamiiica, a much 

smaller insect than tbe Europuan species, Lut fearfully destructive. 

The §pecijnen and its 

companions cost the 

proprietor of a farm 

there upwards of £60,- 

000 sterling, 8300,000, 

bj the entire destnic- 

tioa of his crop of sng&r 

o&ne. 

Interiorly the giz- 
zard is divided into 
eix compartments, by 
means of six bones (a, 
a), wlioh occupy the 
whole longitudinal length of the organ. Between every two of the 
bones are three rows of teeth, and of these, the teeth in the centre, 
or the central row, are tbe largest and most powerful. Outi^ide of 
the large teeth are two rows, one on each Ride of them, and still more 
oatdde are other two rows. All the teeth in iheae eeTcral rows 
differ somewhat In their etrncture ; in addition to these, there are 
large teelh above and below the rows, and to assist their action the 
external surface is covered with a muscular coat of extraordinary 
power. The entire number of teeth contained in thia gizzard ts two 
hundred and twenty-two. So great is their capability for tearing 
and minutely dividing every substance presented to their action, that 
they have been compared, most fitly, to the mathiue used in cloth- 
making, called " the Devil," for nothing can resist its action. 

A still moro enlarged view is given of the position of the bones 
(a, Fig. 230), and of one row ^^^ ^^ 

of the teeth. The lateral 
teeth, described above, arc 
here lettered b ; the central 
row, including a largo middle Eni=rg^,id=«ofoB<.™w«fih.tceth,Oryiiouii«. 
and two lateral teeth, are marked c and d. 

627. In the intestinal canal of man, and the higher animals, a 
vast assemblage of glands, of minute size and uncertain timcticn, are 
found, some of them solitary, others aggregated. Their presenee ap- 
pears to be essential to the action of this portion of the canal. 

628. The Ileum of the house-cricket (Acheta domesHoa) exhibits 
a wonderful development of similar glands. This iutflstine is dis- 
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played in Fig. 231, where the glaad.i are aggregated. Ab 
magnifiod vinw of tn-o of tbese glands is given in Fig. 232, 





629. There appears to bo great similitude between the perforg 
ance of nutrition in the vegetable feeding inseota and the vegetsblft* | 
feeding rumicant quadruped. In both there are /our distinct sacs, 
devoted to this function ; in the ioseot, mastication is effectireljr per- 
formed by the wonderful gizzard ; in the Ox, by the peculiarly con- 
etnicted teeth. Saliva is abundant in both, and each possesses a 
magnificent display of aggregated iliao glands. 

630. The food that ia intractable, and yields its nutriment with 
difficulty to the herbivorous quadruped, is no less difficult and it 
tractable to the vegetating insect, and both require an extraordi 
adaptatioQ of many orgaDB to reduce it to subjection. 

031, The next order, the Lepidoptera, presents an equally si 

lar structure of its mouth; here die 

Fif. 538, ,- 1 .1 

upper lip and the upper jawa are so 
minute as almost to elude deleotioa 
Of tiio three triangular plates pre- 
sented at the upper part of the figare 
(Fig. 2B3, a), the central portion is 
the upper lip, and the upper jaws are 
of the same size nearly, and shape, on 
dthor side of it 

632. The Butterflies and Mot 
rarely feed at all; but whea they q 
condescend to perpetrate such t 
nl(I«LniBili«dy) ty, they manifest great indifference, 
hovering over a flower, still on the 
wing. At last, probably, they incline to take a mere sip of tha 
delicious fluid found in the nectary, and for this purpose unfold, i 
make straight, their spirally wound under jaws (5), which, in i 
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of thorn, are of great length (two inches long). The end of this 
compound tDstrument is thrust deep into the coTeted fluid, and 
almost iuunediately the creature is od the wing again ; the sip has 
been taken, the appetite is appeased. 

633. The struoture of the under jawa, when made straight, is 
very ourioua. 

Each one is a hollow tube, and the junction of the iwo forms 
another, so that the apparatus consists of three tubes. The outer 
surface is ringed, and each tube is really a tube and a. half. To pro- 
tect these important organs, a pair of inordinately large feelers are 
found connected to the lower lip — labial palpi therefore (c). 

634. The ceaophagus (as will be seen hereafter} is divided into 
two branches, each one of which occupies an under jaw, so that either 
might act independently of the other. The central canal, formed 
by the junction of the two under jaws, receives and traniiniita the 
secretion of the salivary glands ; so that the _ Fio. bw. 
eentrai tube is used to insalivate the food which 
is sucked up by the two under jaws. The 
under lip is much larger than the upper, but of 
variable size. 

635. The alimentary eaaal of the Cabbage 
Butterfly {Pontia Brassica) is shown in Fig. 
234. 

636. The cesophagus (a), cut ofi" below the 
bifurcation, receives the tube connected with 
the pumping stomach (c), and the food is re- 
ceived into the stomach {d). The salivary glands 
(n, n), in this insect, are simple filiform tubes. 

Below the pylorus, the bile vessels are eon- 
Dected to the oommencemcDt of the Ileum (e) ; 
the former are very delicate, and of great 
extent (i). *^"""° 

The ccecum is seen (y) arising from the colon (A). 
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JS7. In the larval condition (maggots, caterpillars, and grubs) 
iseota, the nutritive organs are straight in their direction, and 
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their Btruoture. The aalirarj glands, however, in soi 
! greatly developed; thus, in the caterpillar of the Go at 
Moth {Goe"— ''■'>"'■"*>■'''■* where the creature is found in the iatei; 
of tbe wil e ;care, ooastantly feeding on the liej 

of the wood, large reserv 
hags are added to theglands 
to hold a eupply of tliis im- 
portant secretion. The nu- 
trimontal organs of this in- 
sect arc shown in Fig. 235. 
The drawing was made 
from a preparation, and to 
dippluy ail the parts the 
fiiijiiary glands had to be 
dividi-d ; they were placed, 
therefore, on cither side 
the nutrimcntal caual. 

638. The ramified tu- 
bular portion (a) at the 
lower part, is the aecrotiiig 
tube, or gland prop« 
They coalcHcc, and toi 
one evacuating duct (m 
which transmits the s 
tion to c, a large collecting 
or reservoir bag. At the 
summit of this bag is another tube (d) ; these combine to form one, 
And through it tbe secretion of these glands, and another pair, not 
present in the preparation, ia delivered to, Twt the mouth, but bi a 
little bony tube comiected with tbe lowef lip (Fig. 23C), called tht 
spinneret, found only in those larvse which prepare a web for 
pupa ohange. 

639. The glands not present are of great length, extending _ 
one end of the body to the other, and almost Cliform ; they are called 
tilk vessels, and are supposed to originate this material. And thb 
b true ; but the saliva is always combined with it, as necessarily it 
must be when the fonr glands have only a. common outlet. 

640. When a Caterpillar is about to change into a Chrysalis, 
salivary glands are painfully distended witb a secretion that will 
more be used for its legitimate purpose. 

641. It is therefore poured out through the spinneret (in 
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epecies possessing it), the gummy flaid becoming instantly insp [seated 
wlien brought into contact with the atmosphere (Fig. 23C), and forms 
a thread; during all this time the poor crea- ,.^ ,,._ 

lure's body is sadly contorted, and it gives 
onmistak&ble cTidenco of great sickness, 
pain, and saffering. That tlie change the 
animal is about to undergo is really attend- 
ed with such severe distress, is apparent 
irom the fact that many of tham die during 
the process. 

642. The alimentary canal (2.35) com- 
mencea by a vide funnel-shaped cavity, the 
pharynx (e) ; to this succeeds the (Bsophagus ^p''">°"'- <^'«"'" "P'li-'"'' 
(/), which dilates into a membranous crop, filled with deep longitudinal 
folds, by which means it« internal capacity can be greatly increased 
(g). After the food has Iain macerating here for n while, it is trans- 
ferred to the long stomach (A), provided with a powerful muscular 
ooat externally, and lined with a mucous membrane. Here the food 
is reduced to chyme, and allowed to pass through the pyloric valve 
(i) into the ileum (k), where it meets with the biliary secretion 
passed through the connecting gall duote (/, I), and the chyme is 
transformed to chyle. 

The Ileum terminates in a short, straight colon, which, as com- 
monly happens, enlarges slightly, prior to its termination. 

643. The liver eshihita a series of pro- p,„ ^j,, 
tuberances, which are alternate. A highly 
magnified view is given (Fig. 237), in which 
it will be seen that they are cells, each being 
filled with (apparently) globules, of an oily 
fluid. 

The cut ends of this portion of the liver 
of a Caterpillar, have discharged an oil, 
which, in the preserving fluid, has assumed 
a globular form of variable dimensions, all 
of them bebg rety much larger than when 
oonfincd within the cells. This sacculated 
form of the liver is common to most inseeta, and may be regarded 
oharaoterisUc ; moreover, it ia always minute and uniform, and cn 
not be confounded with the lobules of the salivary glands. 
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64i. The Neuropterous ioisects are, for the most p 
us and carnivorous; always billing their prey on the wing, they 
have hence been called " the Hawka amongst insects." 

645. The most conspicuous insects of this order, and the best 
known, are the bold and beautiful dragon fiies, or, as they are called 
in this couutry, " Dtvils darning neeiUcs." Furnished with a bead 
almost all eyes, their eight ia wopderfuUy piercing ; provided with 
large, light wings, constructed of the most gau^ material, and abiin* 
dantly supported by an incredible number of the lightest cooceivahle 
bones, their Sight is as remarkable for its swiftness as theii' aim is 
unerring. It is a pretty sight ta see these creatures Hawlnng over a 
pood, and remarkable the distance at which they seS an insect — onoe 
seen, its death is certain ! Our obligai'iona are great to this order 
of insects, for they kindly free us from millions of pests, alike 
tractive of our property and sorely tormenting to our persons. 
has pleased the Almighty dispenser of good to set up no end of 
tagonisms in nature — wherever a banc exists, there is the antidi 
what a pity that man, in the plenitude of his ignorance, should take 
BO much paina always to datroy the antidote ! So important are 
these insticte, it is not too much to say that he who wautouly 
dragon fly commits a public wrong. 

646. The smaller species of Libellula (Agrion), with a body i 
in diameter than a moderate sized pin, consume immense quanl 
of Mosquitoes, at the moment, too, when tliey emerge from themitw 
and assume the winged state. 

647, The habits of other inseela 
frequently change with a new form, 
but, whether as on inhabitunt of 
the water, or a denizen of the at- 
mosphere, the dragon flies are al- 
ways cruelly carnivorous, and as 
such should be cherished. 

648. The mouth of a Dragon 
fly is mandjbulate (Fig. 238). The 
upper lip (a) ia well formed, the up- 
per jaws (i) are short, remarka' " 

strong, possessing toothed processes, and supplied with miu 
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dosing the moath (e) of great power. The antagonist mascle (d) is 
simp]; reijuired to open the mouth, and it is slight accordiogly. The 
under jaws (Fig. 239) are short, and not very powerful (a) ; each is 
supplied with a small feeler (/), or palpus. 

649, These organs are chiefly 
used as hands, to hold a living in- 
■ect nhile the upper jaws kill and 
divide it, and afterwards convey 
the pieces to the mouth. 

650. The under lip (6) is un- 
lisoally large, provided with two 
processes with binge joints, by 
ueana of which they can either be 
extended or remain closed ; this 

apparatus forms a table, or platform, ou which an insect can be 
placed while the upper jaws act upon it. Such an arrangement was 
neeessary for an insect who kills and cats its prey on the wing. The 
menium, or chiii, is shown at c. 

G.^jl. In the Hymenoptera, the mouth has undergone remarkable 
modification, especially in the Bees. These insects require strong, 
toothed juws, for manifold purposes, and con- 
•cqaently their mandibles are constructed upon 
this type (Fig. 240, o). The upper lip is 
shown at f. But the great business of their 
Jives is to procure the neutar from flowers, and 
eouvert it into honey, and for this purpose an 
to^eciol apparatus is necessary. To this end, 
the under juws, and their dependences (palpi), 
become strangely metamorphosed; the 
VBder jaws (^) are formed into a tube to re- 
eeiTe and protect the rest of the mouth when 
not required for use. Within these {d, d) are 
two loDg, jointed organs, gradually tapering 
Bpwuds, with short terminal processes nearly 
ml right angles ; these are the maxillary palpi, 

or feelers of the under jaws. Their function appears to be that of 
hands, to hold back the petals of a flower, whilst the long central 
tongue (e) is busily engaged lapping up the nectar ; for this purpose 
they appear to bo admirably adapted. The tongue (c) is much long- 
wben extended than any other part of the mouth ; it is perforated 
At its extreuuty, and has in its interior a canal, which is a oontinua- 
10 
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tion of tbe tOBOphagOB. The eiternnl surface is ringed, aod esteo- 
uvely cohered with hair. At llio base of this organ are two litlla 
processes (e) called little tougaes (pamglostiee), the use of which ia 
unknowD. For its protection, it folds up. 

g^ j^j 652. The stnictnre of the nutrimeotal or- 

gans is FCry interesting (Fig. 241) ; the too- 
phugiis (a) dilates into a large crop (i), or 
collecting bag, baring one side of it partica- 
larly enlarged. 

6.^3, The pumping stomach is not dercl- 
oped in the Hjmenoptera as a special organ, 
but its function is sharMl with the crop. The 
colarged portion contains air ; by reoioviag 
the pressure of the muscles of the body, thia 
air becomes rarefied, and if the other extremi- 
ty, the tongue, be made air tight, as it must 
ujtiLiUcn, |)g ^lien phinged deep into a TJfleid fluid, the 

tube, jrom the pumping stomach downward, becomes exhausted, and 
the fluid in which the tongue is placed necessarily ascends by a jcrt 
Then the action ceases, until the tube be exhausted again, which 
curs directly the insect takes off the pressure by a doeji iiit'p 
and so the action continues. 

654. The valvular projection of the true storoach ia insei 
into the crop («) as a double tube, and must be withdrawn tbi 
when the Bee desires to feed upon the honey it has gathered 
long as they remain within the crop that organ is merely u collecting 
bag, and retains the contents only until it can return to the hire, 
where it is oast up, and deposited in the cells. 

655. During the period it remains in the crop, it is macerating 
in the salirary eeerction, whereby its vitality is destroyed, and the 
probability of acetous fermentation obviated. From this moment it 
1b preserved bo effectually that it cannot decompose, iu any time. So 
&r as is known, honey is the only substance which, having been duly 
prepared in the stomach of the Bee, is cast up, and forms nholesonie 
and delicious food for man. 

656. The stomach (d) ia a long, muscular organ, which gradually 
increases in size as it descends. Its lower portion is provided with 
a pyloric valve, below which the ileum (e) commences. 

Tho bile ducts (^) empty their secretion at tlie oommeDcemeBt 
of the ileum, which terminates ultimately in the ooloa {/). 
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657. In the last order of winged inseots, the Dtptera, the mouth 
ttgaio trimsforined ; here we have a proboaeig, or Hauttellum, which 

ia membranitoeous, or more or leas fleshy. It descends iu a perpen- 
dicular direction from the orifice of the month, and is, in general, 
■hortly from its origin, kneed (shaped like a knee) forward, and ter- 
tninates in a flapper-shaped, suctorial surface. 

658. In many of the predaceous Diptera (Tahini, Chrysops, 
Stomoxys, itc), the bristles, or lancets lie, in a hollow groove exca- . 
Valed in the upper surfaco of the proboscis, and covered and con- 
Maled by a long corneous triangular scale, the upper lip. The Mos- 
quito, Flea, and others, carry their lancets within a case, on the 
principle of the Hemiptera. 

659. Many of the vegetable feeding two-winged flies, are pro- 





vided with a mouth, in every respect similar to the Tabini, and their 
allies (Fig. 24:2). 

660. The muuth of the rat-tailed worm-fly {HtlopMus ienax), 
to which Swammerdam did such ample justice, is a good illustration. 
The insect in ita perfect state feeds only on ripe fruit, which it first 
etabs, or wounds, with its lancets, and then withdrawing ihem, places 
tiie expanded fleshy under lip over the wound. 

€61. These, moistened with Baliva, firmly adhere by means of 
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their ngons (irrmkled) EOrface — the moiBtnro contribating to tn^ke 
them air-tight. la all these inaect?, the noder lip is modified to 
fonn the probosois. The fleshy lipa of the proboHciB (a, 243), with 
their mgoua surface (b), are seen partly spread out for attachment 

The lanoela, &o., are ehoiro in the figure 242. The long trian- 
gnlar upper lip (a) cor^ra the remainder of the apparatus ; dq either 
Bide are seen the upper jaws (6), which are, in this insect, blunt- 
pointed : the under jaws (c) are curved like a scymitar, and remsrbt- 
bly thin, and sharp at their poiota. In the Tabini, and ftll their 
allies, the upper jaws are sharp, 
aud lancet-shaped, while the under 
juws are blunt, or probe-pointed. 
The long, leathery palpi (d) are 
merely for additional protection. 

titii!. The pumping stomach at- 
taiua its highest derelopment in 
tlic Diptcra ,- in them it consti- 
tutes BD independent organ, which 
i^ beautifully exempUSed tn the 
nutrimcDtal organs of the Flesh- 
fly iMustxt eamaria), or Blue-fly, 
In this insect (Fig. 244), the long 
delicate (esophagus (a) is oontbu- 
ed from the muscular crop, to the 
end of the proboscis, but not all the 
tray as the oBsophaguB ; a eome- 
wfiat wider tube is excavated in 
the probo3GiB,at the commenoemeot 
of which the ducts of the salivary 
glands (fi, b), and ajsophagea] tube, 
proper, terminate. 

663. The Balivary glands (o,c). 
at their commencement, are robust, 
remarkably convoluted, tubes; by degrees they become straightar, 
and attenuated {d,d), and finally end as delicate tubes, parallel witfa 
the lower third of the stomach. 

664. The course of the oesophagus is direct to the commencement 
of the crop, it then turns oft, nearly at right angles, and ends to a 
bladder -shaped bog, of large size — the pumping stomach (0). 

665. It is easy to understand that the small quantity of air, al- 
waya found in this reoeptaole, becoming rarefied so as fully to distend 
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the sao, the tube in oonsectiDg with it becomes exhausted, and as 
the other extremity haa been prevtouslj made air-tight, the as- 
oent of fluid, ae a sudden jerk, is icevitable. Of course its teodency 
ia to nuh into the pumping stomach, and if this could be achicFed, 
death would moat likely be the immediate result, aa much as if a 
pail of water were auddenlj poured into our lungs; but long before 
the air can reach the pumping etoniHch, reaction takes place, and 
the fluid ia tlriveQ through a very abort tube, nearly at right angles, 
but somewhat inclined to the (eaophagus, into the crop, in whose cal- 
lous margin a valve is placed to prevent regurgitation. Once in this 
organ, the food macerates in the saliva, and becomes subject to the 
aotioa of Its powerful muscles; in due time, it pusses through a 
valve at the lower portion, and enters the stomauh (/). 

666. This latter ia a very locg, slender, tortuoua, and convo- 
luted tube, having (according to some authors) three distinct 
dirieions in its interior; it terminates by a pylorus just before the 
oommcncemcnt of the ileum (f), into which intestine the biliary 
docts, aa usual, enter. The liver (h, h) is of great hzc, and like the 
same organ in the Caterpillar, appears to be flUed with oil cells, 
exceedingly minute, however. The ileum, too, ia of unusual extent, 
but at length terminates in the Colon (i). 

667. Thus, US briefly as otrcumstanoea would permit, the chief, 
and most remarkable characteristics of the nntrimental organs, and 
the adapting forms of the mouth in the Linna^in orders of insects 
have been described. It ia unnecessary to speak of the Aptera, in- 
asmuch as they really belong to the other orders, the want of wings 
being a sexual dliitiuetion ; moreover, the majority of the individuals 
of t^ order were not Insects at all, and have been removed to the 
ClASses to which they properly belong. 

668. The structure of the nntrimental organs of insects is parti- 
cularly interesting from the fact of their close agreement with like 
structure in the Yertebrate animals. Thus, the c<ecal appendages 
around the pylorus of the Oockroach, bear close resemblance to a 
similar structure found in many Fishes; in the latter they are sap- 
posed to be salivary or paacreatio (pancreas, the sweetbread) in their 
secretion, and this is, at least, equally probable with the Insect. 
Feeding indiscriminately as the Blattarta do on whatever comes in 
their way, upon flesh, or &uittj, vegetables, linen, clothes of all kinds, 
printed books and written manuscript, engravings or water-color 
paintings, old boots and shoes, and not unfrequently nibbling the 
toes (in hot climates) of persons while asleep, their power of digestion 
bad need be very perfect to get quit of such heterogeneous matter. 
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669. The muiy digestive sacs of Locutta vtridisima (large Eng- 
lish graaahopper), and its allies, has its full representative in the fcur 
digestive cavities of the herbivoroos qnadrnped. The only great and 
peculiar exception appears to be in relation to the pompiog stomach 
of the Lepidoptera, Symenoptera, and Dipiera, but oven this, id 
the opinion of sonic authors, but apparently with insufficient reason, 
ia met b; the air-bladder of fishes. 

670. The persistency with which the glandular system is develq 
ed in inaeots, is no less remarkable. 

Salivary glands, to the extent of even three pairs, is by no a 
uncommon, while few insects are entirely destitute of them. 

The Liver is almost always found, and usually estenaively pro- 
duced, while in its ultimate structure (cellular) it bears great affinity 
with the same organ in higher animals. In none of the illustrations 
produced was a kidney found, but this organ is by no means rare. 

Finally, in this class the most important problem, the ultimate 
structure of glands, may be studied with great ease. In the higher 
animals these organs are veiled by a parenchyma, which rcnderB^ 
Testigation difficult; but in insects, ne find them already aualysM 
eiisting as simple tabali, and offering every facility for the I 
minute examination of them. 

When the like organisms in man and the higher animals have 
beeu Buocessfally treated, and reduced to their elemental condition, 
lo ! they too, are simple tubes I 



LESSON XLIII. 

OBOAKB OF NUTBmOS IN ABACHNISA. 

671. The general characteristics of this class have already been 
given, together with the names of the orders into which it has be en 
divided. 

The Arachnidans are placed above the insects iu llie a 
being for the following reasons : they present a more conceatn 
condition of the nervous system, and of the heart; and the largS 
apecies possess a higher condition of the respiratory system, which is 
not only less diffused than in insects, but in some of them conaiata of 
air-taxt, or rudimental lungs. If a Spider be examined, it will be 
seen at a glance that the head is confluent with the chest, forming 
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the cephalo-thnrai:; the remainder U the bodj, so that it exhibits 
but two divisions ; and this is equally true of all the members of 
this class. 

672. Some of the lower Aruchnida, so minute aa to be quite 
mtoroscopioal, are psrasitio on luuu, and the history of one of these 
parasites is not a little curious. It has already been observed that 
the human hair grows out of a. bag, or follicle ; this follicle re- 
ceives tbo ducts of two fat Gccrcting glands, called sebaceous glands. 

673. Within the ducts of these glands, the parasite in question, 
Demodex fMiculorvm {derrws, lard; and dex, a boring worm), is 
found (Fig. *245); in length, they range from the j'^lh to the yfoth 
of BQ inch. The figure gives a magnified view of a hair-foUicle (a), 
containing the bulb of the hair (bd), tho sebaceous gland (c), and the 




duet in which is the parasite {d). In adults, these creatures usually 
abound on either side of the nose ; in young men, red pimples, of a 
painful character, appear on the forehead, face, neck, fltc., which, 
when the inflammation subsides, is distinguished by a black spot. If 
this spot be tightly squeezed, a white, tortuous, somewhat spiral 
mass will appear — spiral, because a east in solid fat of the duet — 
placed in oil, the fatty or sebaceous substance will separate and 
leave a specimen or more of the Demodci. 

Another figure (246) is given, taken from the human scalp; a, 
the sebaceous glands; b, a hair; e, the ducts; aud d, d, the para- 
sites. 
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A Highly mAgnified view of tho animal ia given in Fig. 247, where 
it will he Been that it possesses eight feet (e), like nil the arachni- 

674. The month {b) b furniehed with a proboscis, and is there- 
fore tuetorial ; it haa also two ehort aud thick maxillary palpi (a, 
ooDsistiug of two joints, and aboro is a narrow apper lip. 
domen is minutely ringed. 

675. No nutrimental organs have yot been discovered in t 
parasites, partly because of their opacity, and partly on account of 
the shining character of their integuuicat. 

GTti. The next parasite originates the most loathsome, disgusting 
(liseosQ that afflicts humanity — the itch. Many medical men have 
sought for this animal in vain, and hence they have concluded that 
no such creature exists in connection with the disease. But their 
failure has arisen from two causes : one, they have looked in the 
wrong place, and the other, tbo animal is too minute to be seen by 
unassisted vision, unless held op against the light. Usually they 
are sought for in the pustule, oharaoteristic of the disease ; but be- 
fore the pustule can make its appearance, the Aeanta has bunywed 
off in another direction, and lo succeed ill finding it. the ndghbor- 
hood of the pustule should bo explored with a ueedlo. 

C77. The Acatus scahial (Fig. 248) possesses all the tme 

actors of Uio Mites; the legs in some mitM, 
termltiate in suckers, but in this apooies ^ 
of them) in long setm (bristles a). 

G7ii<, The mouth baa a twofold t 
— it is adapted either for suction o 
tioD. The whole form of the animal adapts 
it eminently for the life it leads, constantly 
burrowing beneath the surface of the skin, 
where, having no use for visual organs, none 
appear to be prceent, as in the Mole. 

The Spiders are a very interesting olaas 
of anlDials, the particulars iu rektioa to them 
requiring more space than the limits of this 
work will afford; sufhce it to say, that the 
organs of digestion arc arranged on a very 
simple plan, as befits an animal strictly carnivorous. 

The month, as compared with the same structure in insects, it 
also simple, and remarkably well adapted to the peculiar « 
the animal 




some mitM, 
pooies ^^^^^1 

1 e&aa^^^^H 



H48.J 



HUnOTIOS IH TEOt AXACHHISA. 



1G3 



Tha abort, strong upper jaws (Fig. 249) are provided with sharp 
pointed, sliglitly cur?ed teeth (6), which are hollow, like the poison 
fang of a serpent, and for the ^amc pur- 
pose — the trail Bmission of the Baliva. 

The instBiit a Spider bite^ a fly, or 
another individual of its own species, 
the saliva is poured out abundantly 
through the cavity of the tooth eimul- 
taneoDsly with ita insertion. 

As a conseijuence, the victim is 
poisoned, the body swells considerably, 
and it dies immediately. 

Now commences the process of feed- 
ing, which simply consists in sucking up the juicca of the slain. 

To assist this process, the base of the teeth {a) is provided with 
a double coronet of short, strong, pointed spines, upon which an 
insect is literally impaled, whilst the killing and feeding progresses. 
At the lower part of the jans (d) two large cavities are seen, out 
of wbioh the muscles were extracted. 

The under jaws (maxillre) are shown at a (Fig. *250), in the form 





of short strong organs, whose function it is to hold the insect, whilst 
the upper jaws kill it. and suck up ita juices. 

This operation is greatly assisted by the long, strong, five-Jointed 
feelers [b, b), each of which terminates in a short hooked process (c) 
Surely no better form of apparatus could have been contrived to 
meet the special and peculiar requirement of a Spider. 

680. In the doraeatio spider, the cesophagus (a, Fig. 251) passes 
beneath the brain, and expands into a stomach almost as broad as 
the Blernum, which sends off a large coccal process into the base of 
the maiillary palpi (6), and of each thoraeio leg — ten etecal appen- 
dages in all. A shorter diverticulum (a turning) is continued 
from the upper part of the stomach (i). Where the intestine 
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paxses through the narrow pedicle of the abdomen, it is coatrucled ; 
it sligiitly espaodB in its atniight course (/) along that carity, theu 
contracts and forma two short convolutions {y), and commnnioEil** 
with a large globular ocecum (h) from which the lost short intestine 
arises. Four bile ducta (i, t) open into eaob 
side of the straight portion of the mt^stine. 
Two long, slender tubes (k, k), constitnUug the 
kidney, communiaate with the conimencement 

681. There is a simple and easy mode of 
finding the class to which the articulata belong, 
tit a glance : thus, if the body be divided into 
three chief portiuns, it is sure to possess just 
three pairs of legs; therefore the creature is 
an insect. But if four pairs of Ugs be 
present, this character is inrariably found is* 
Bociiitcd with another of great importance; 
thut ia to say, the body will have only two 
divisions ; the head and the chest being sol- 
dered together to form the cephalo-thorux {head, 
chest), aai the remainder constitutes the ab- 
Rcre, then, we have the class Arachnida typified, 
and the specimen is cither a Spider (the Greek name of the class), a 
Scorpion, or a Mite. Ti five, six, or more pairs of Irgt^io present, 
again we find the two divisions of the body indicating the same parts 
as those already described (oephalo- thorax, and body), and theto 
form the charactcristica of the Crustaceous animals. 

6S2. To descend atill lower in the scale : if the specimen j 
sented to our notice have a variable number of distinct rings, or ^ 
ments, any one of which is like all the rest, and the legs numbed 
twenty-two, or more peirs, the specimen belongs to the class JUtfrio- 
poda — many feet — to which the Centipedes, lulldcf, Wood-Hee, &c., 
belong. Size has nothing to do with it ; the Mites (many of them 
microscopical specks) having the required characteristics, as much 
belong to the Arachnida as thoogh they wore as large as a Scorpion; 
and BO of all the rest. 
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LESSON XLIV. 

OBOANS OF NDTBITION LN THE TUNICATE UOLLUBCA. 

683. Tbe MolluBoous, or eoft-bodied aDimals, appear to be organ* 
ized for tlie pcrfeclicig of the nutritive functioo, to the de?clopmeDt 
of vhiob every other coogideration gives way. 

684. The lower orders of this class (Tunwaia, Brachiopoda, 
Lamdlibranchiata) are headless, aud called, therefore, Acephala 
(a, without ; cephaU, a heud) ; those with a head are the Ptcropoda 
(wing-foot), Qasteropoda (belly-foot), and Cephalopoda (head-foot). 

685. Tbe Tunicaia are so called because their bodies are en- 
olosed in a gelatinous membrane, or sac ; they breathe either by a 
nscular membrane, or by a ribboD-sbspcd gill stretehed across tbe 
oommon visoeral cavity. There is no shell or calcareous deposit in 
these animals J moreover, in common with the headless Molluscs, 
they are fixed to the rocks, aad other submarine substances 

}86. The Jiraehit^mda {braekion, the arm ; poui, the foot) pos- 
a bivalve shell, have two long, spiral, strongly ciliated arms, de- 
Teloped from the sides of the month, and breathe by means of tbeir 
Tsscular mantle. 

687. The Lamellihranchiata are bivalve MoUasoH, breathing by 
meaoa of lamellated gills (hence their name) attached to the mantle. 
The Oyster and the Mussel are the best examples. 

188. The Pieropods swim by two wing-like muscuhir appendages 
Attached to the sides of the (supposed) head. 

689. The Oaiieropodi are the slugs and snails ; they walk upon 
a foot, of greater or less dimensions, attached to the under surface 
of the ventral surface — hence their name, Idly-foot. 

C90. The Cephalopods bavo their locomotive organs attached to 
the head, generally in the form „ ^^ 

lUHCular arms, or tenta- 
cles ; this is the only order 
of the moUuBca possessing an 
internal skeleton. 

iOl. The Tunicatfo are 
frequently found in groups, 
forming compound animals, 
like many of tbe Polypes. 
The outer gelatinous tunic is 




166 AmuL PsmoLOGT, [ixBscnr M. 

warty in many Epccice, bat is always found to be smooth and Inbri- 
oouB OQ its intermil surface. 

692. This tunio is lined by another, a muscular coat, of great 
beauty as regards the arrangement of its fibres (Fig. 252) ; in this 
snimal [Cynthia pupa) the muscles consist of long dipergiug fasci- 
culi, which originate from around the two orifices of the sac (a, h), 
and extend round the entire body 
of the animal These fa.scioali aro 
attached to rarious points of the 
exterior tunic, but most intimately 
around the respiratory (a) orifice, 
and the vent (6), which are also 
provided with distinct and strong 
i-phincfer muscles [e, d), passing in 
a circular manner around I hem. 

GE13. The organs of nutrition 
in these animals are peculiar b 
tlicir arrangement; thus, we find 
(bo mouth proper, or entrance into 
ibe uutrimental canal, placed at 
the bottom of the sac [g, Fig. 253) ; 
the food arrives at the mouth di- 
rectly from the external respira- 
tory aperture (a), being directed 
to it by the spiral respiratory eur- 
rent, caused by the Tibratile cilia 
lining the respiratory sac. The 
mouth leads to an (esophsgos of 
tolerable length, and ends in a well-formed, muscular carity {h), 
sometimes folded longitudinally, and perforated at the pyloric ex- 
tremity by the wide ducts of the biliary follicles (/,/). 

694. Neither teeth, jaws, nor salivary glands, aro found in con- 
nection with this very simple alimentary canal, but the liver is al- 
ways found, under some follicular form, opening into the cavity of 
the stomach, as in other molluaca. The intestine forms a distinct 
curvature, in an upward direction, behind the respiratory sac ; it 
terminates opposite to the vent (d), and ends with a margin of vibra- 

' tile oilia, to compel, by their action, the dischargo of effete poitiolei 
of matter. 

695. The ovaria (k) and the oviducts (m) lie on the io&er J 
of the intestine, the latter terminating by a margin of vibratilo % 





r jfiisotTB gi- 



UBBsoN 45.] Numrrioy in the bgacbiofoda, 157 

like the iotOEtme, and for the same purpose — to compel 
the maturo ova to pass through the aperture of the 
. when opeo. 

i96. la the beautiful and luminotiB Pyrvioma (Fig. 
254) ve have an intercGtiug example of a compound 
molliuoau group. The external tuuics of the individu- 
als oomposiug this group, are thin, soft, very trtins- 
porcnt, and of a bluish wliito color, and are the parts 
by which they appear to be united tjigether. 

997. The Pyrosoma is a long tube shaped Uke b 
finger, olosed at the upper end (□), and open at the 
lover extremity (6), and composed of a great number 
of distinct individuals (c), irbich posscsn an Internal 
organization similar to the Cynthia. Like the latter, they also pos- 
two orifices, but their position is different ; their respiratory 
apertures are placed on the sides of the long projecting papill» (u), 
and the apertures constituting the vents of all the Eeparato individu- 
als, open into the interior of the tube ; so that, solely by the com- 
bined act of respiration, thie elegant tube is carried through the seas. 

The species of this animal eoininon to tiio Atlantic {Pyrosoma 
ffigantium), is of about the length of two fingers, and when seen on 
a still night, or, butter still, if captured and conveyed in a bastn of 

water into a cabin, is an object of remarkable beauty, 
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NUTKITIOS IB TKB BSACHtOPODA. 

698. There are only three orders of this class, the Lingula, Orhi- 
ttda, and Terehratula. These are all protected by shells, and attach 
themselves to foreign substances, the Lingula (so called because 

I tongue-shaped) by means of a very long peduncle (Fig. 255 A), which 
I pasaes between the two valves : a, the shell, b, the peduncle ; aud 
\ the Terehratula, by a much shorter peduncle, which projects through 
ft hole in a beak-shaped prolongation of one of the valves. 

699. In tbo latter the alimentary tube is very short, of great 
umplicity, and confined to a small space. The rest of the interior 
of the lobes of the mantle is occupied by three long, strongly ciliated 

I, disposed in folds and spiral curves. The bases of the arms 
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700. A figure of the 



join, and form a traUBverse fringed band above the tnootb ; the bent 
portiona of the fringed arms ore supported by alendcr, clastic, q 



I seen in connectiou with that lajor of fte 
matitlc tha.t forms the back ; a double heart 
is said to esist in these ajiiiaals, the auricles 
of which (6, h) are placed on either side of 
the alimentary canal, und above the poiat 
of junction of tha curled arms. It is, how- 
ever, most prabable that the Bi>>called " heartt" 
are simply the external openings of the 
ovaria, by which the ripo ova effect their 
escape. The stomach is entirely concealed 

Llni^i, bitunil oil*. Kuinrij.-uliii ..r^BDi In 5ilu, T. Austnllfc 

by a mass of biliary foUioIes (c), which completely cover it ; above, 
it is covered with peritoneum. The intestine (d), which tnkes U) 
oblique direction, is not very conspicuous, owing to ite depth ; two 
of the arms, fringed with strong cilia (a), are seen on either side, sod 
JQ front the remains of the third arm (a), the curl having been cnl 
off, tfl show the other parts of the structure. Another, a side view 
of Tcrebratula Auitralis, is given in Fig. 25C ; here the right 
(lower) arm ia partly »een, being ooneealed by tha great curl osually 
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Bfisumed by the central arm (c). To the right of the figure is seen a 
large orifico — the tubuhir portion of the left arm, which ha.B been 
removed. The anterior aud posterior porlionaof the mantle are 
external in each direction (/). The trunipct-ahaped mouth (a) ie 
Been just below the tendinous portion of one of the four strong tniiB- 
tales {h), whose liinction it ia to close the Tnlves, and, crossing it ob- 
litiuely, a muscle of the second pair ; the white, gli&tening characteT 
of the tendons of these muEclcs is very beautiful. The mouth leads 
to a pharynx, and a very short OBsophagus, which instantly ttrminatea 
in the stomach. The biliary follicles (c), as before seen, completely 




ooQceal the atomneh, and the short, trumpet- shaped intestine (h) may 
be traced to il-a termination within the mantle. The peduncle for 
sttacfament [g] is seen aa before 

701. A better view of the alimentary canal ia given in Fig. 257, 
from a preparation of these organa dissected out of the body. Here 
I the mouth is seen surrounded with short, unusually strong cilia (o) ; 
living and breathing under the weight and pressure of from sixty to 
nineirf fathoms of water, the cilia of the arms require to be strong 
to compel the necessary currents of water to perform the circuit of 
the interior of the valves i charged wilh oxygen, for the supply of 
the respiratory organs, 'it is, at the same time, laden with food {ani- 
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nulculea) for the Bnpply of the b 
from the strong Htream of water 
its interior, the mouth has need 
prooeases, which are found acuor 
[b) h well Bhown in this view, 
before, the biliary foUiclea {d) 
eide of this preparation (Fig. 2 
whole of tlie diort iutestinal 
biliary follicles (c). 

Fio. 153. 
Back vlti. of oIlni^nlir>- taoal, T, 

Another preparation huB be 
the uiimutilat«il arms, with their 
armed with remarkably Strang c 
ally Bupported by a pair of Btr 
wnes, which are placed on citlie 
)ranc, and just within the margi 

The iiperture at the upper 
the cesophagnB, which had to b 
ring which surrounds the cBsophs 
arniH, ia found in this Bituation. 


i-HYHIOLOOT. [LESBOiril 

nimal's wanta. To obtidn this Sooi 

diiigly. The fonnel-shaped pharynx 
ud Ivuda to the oesophagus (c) ; u 

obscure the stomach. The reverw 
S) dhows tlie stomach (d), and the 

canal {b), the mouth (a), and (be 
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n copied, to show the disposition of 
central one curled, and tjl of them 
ia {Fig. 250). These are addition- 
ong calcareous (carbonale of lime) 
aide, tying between a double mem- 

of the strong cilia, 
portion of the figure passed BToa|| 

dissected out of it. The nerdl 
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LESSON XLVI. 1 

NTTTBITtOM IN THE LAUELLIBBAHCmATA, AND IB THE FT£llOPODi^| 

702. In the common Oyster, the risaeral mass occupies alfl 
hdf the cavity of the sheU next the hinge. The rest of the &pM« 
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tweeu the lobes of the mantle, being almost entirely occupied with 
the branchial lamina) (gills), which 
are four in number, eqaally divided, 
ftud placed on each side of the vis- 
ceral mass. The mouth is furnished 
witli two long, tapertnf;, fleshy tentac- 
tila [a, Fig. 260), and is continued 
by a abort leaophagus to an cspanded 
stomacb, into which numerous rami- 
fied hepatio follioles empty tlicm- 
selves (i). The intestine (c), after 
dcHoribing a remarkable convolution, 
ascending to the upper part of the 
Sloinach, which it crosses, is contln- 
ned along the interspace of the bran- 
dun towards their extremities which °^ 
are farthest from the moi.th, where it tenninatea. The ovarium sur- 
rounds the intestinal convolutions, and forms, with the liver, the chief 
part of the visceral mass. 

PTEttOPODA. 

703. In all the Motlusca provided with & head, the capability of 
locomotion is always considerable ; whereas in the acephalous (head- 
less) molluscs it forms the czccptioo — not the rule. 

704. The pieropcds are provided with two fin-like muscular ei- 
{ttneioUB, attached to the sides of the neck, which, from their resem- 
blance to wings, suggested pieropoda {wing-fooi) as the name of the 
class. Some of theso animals are provided with a light and delicate 
Be mi transparent shell. 

705. In tlio Hyalfsa, it resembles a Bivalve shell, of which the 
two valves have been cemented together at the hinge, leaving a nar- 
row fissCre in front, and at the sides. In Olcotlora, the two plates 
of the shell are anited together along the sides, as well as at the 
base, leaving an opening only in front. Some {Clio, and others) arc 
naked, or unprovided with shells. 

706. All the pteropods are of small size ; they float in the open 
sea, often at a great distance from shore, and in latitudes that suit 
them they swarm iu such incredible numbers, as to discolor the sea, 
Tho huge whale, with its remarkably small cesophagus, chiefly sub- 
bIbIb on the Clio horealia, and Limarcina, both of which species 

l^tbonnd in the northera seas. 

n 
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707. In tbe Hjalfea (Fig, 261), the head (o) and fins (i, i) tona 
together a large division of tlio body; the portion containing tie 
viscera, and which is lodged in tbe sUell (e), coostitutes the abdomen. 
708. The mouth is a 
Email loDgitudinsl Sit* 
sure (a, Fig. 262) at 
ilie apex of two diverg- 
ing eminciicce; it eon- 
turns a tongue oorerfid 
will] a thin, horny pUt«. 
There are no ealivnr; 
glanda in this epcciet, 
but tltey are found well 
developed in the Clio. In both these animals the narrow lengthened 
cesophagUB, which passes under a broad crerebral ganglion (y), kod 
dilates in the abdominal cavity Into a memhranous crop (b), a 
slightly marked internally with longitudinal plicje (folds). This first 
digestive cavity opens directly into a short cylindrical muscular ^i- 
said (c), likewise marked with longitudinal folds on its inner BUr&oe, 
and lying, like tbe crop, over the great retractor muscle (A), by 
which the animal draws its head and fins (i, r) into its shell. From 
tbe muscular giiiard, the long narrow intestine (d, «,/) makes a 
double turn round the lobes of a small liver, and oontinnes nearly o£ 
uniform thickness to its termination on the right side of tho n 
under the right branchial fin. 






LESSON XLVII. 

BUTBrnOR IS THE GASTEEOPODA, AST) CErHALOPODA. 

• 

709. la the lower Gaeteropods, the respiratory organs ni 
posed, some on the back (Eolis), or the sides of the back ; c 
tbe lower part of the body, between the foot and the mantle li^ 
some around the body, as in the patcUa (Limpet). 

710. A figure is given of JEolU Inca (Fig. 263), in which 1 
back is nearly covered with a series of respiratory sacs. 

711. The greater variety in the food, and habits of life of tbe 
Gasteropodons MoUusca, renders a more complicated and Tarirf 
form of the nutrimentol organs essentially necessary. Thus, Ute 
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■luid species (Snaili anil Slugs) feed on the Dutritive vegetttbles of 
irth ; many of the inariue kinda {Doris, Eolis, Trit'mia, &c,) 




IS the lowest fuci of the Sea ; whilst many others are carnirorouB, 
I feed on living prey, 

712. The Apli/sia 
fctciala feeds ou coarse I 

e plants, aod like 
ie herbivorous quad- 
Dpedg, presents a eoni- 
lieated condition of 

e alimentary appara- 

s. The broad labial 
mtacula {o, Fig. 2(i-l) 

I Bioveil by slning | 
luscular banclB (b). 
The lips nre sapportcj 
ly two cartilaginous 
gristly) laminio (or 
plates), and the tongue 
S covered with minute 
ecurvcd teeth. 

713. The wide 
Btiscular cavity of the 
nouth (c) receives the 

minationa of two 
klivary glands (e). 
Iho short, narrow (e- 
Dphagus {d) ililatfs in- 
& large iDOmbranoug 
prop (i) ; this crop, or 

pauuch, occupies the .„-..=. ..h.,..- 

^ht side of the abdomen and opens laterally into the staallest, 
iiddle atomsch (it), which is provided iutemally with numerons 
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brood, flat, horny teeth, which serve to divide the eoftened vegetable 
matter traneiiiitt^d in email portions from the first etomach. 

714. The third cavity (I) of thb ramplcx series of stomachs, U 
placed on the left side of the abdomen ; it receives by aeveral wide 
ducts, at its pyloric orifice, the secretioa of a. large, lobed liver (o), 
and of a long, single pancreatic follicle ; its inner parictcs are for- 
nishcd witb several sharp, horny Eipines, to nesiat in subdividing the 
coarse food, for the purpose of admitting the solvent gastric flnida. 
The intestine (m) forms several convolutions round the liver (o), and 
after a lengthened course, withouj .forming an enlargement, it opens 
on tbe right side (n), near the posterior portion of the body, and 
immediately behind the heart (q, r) and the largo gills (p). 

715. In some of the Oaateropodoua molluscs (as we have seen). 
there are as many as four distinct gastric cavities; homy teeth 
more or less found in the interior of one, or more, of thi 
addition to the armature of the tongue, by teeth of various 
and sizes, which obtains extensively in this class. 

j,^ 5^., 716. A figure of the teeth of thotoBgM 

of the common Whelk {Sucoinjtm undct- 
tvm) is given in Fig. 265. In the Limpet, 
the tongue is longer than the whole body, 
and is covered with transverse rows of sharp 
recurved spines, by whioh they are enabled 
to file the coarse marine plants, on which 
they Bubsist. 

CEPHALOPODA. 

717. These animals, for the most part, 
are free, naked, and predaceoua ; they an 
''^°''Sm''upu^tum'Twh(iu'*''' Provided with powerful organs of prehen- 
sion, and mastication, and their short ol' 
imentary canal ia furnished with highly developed aalivary, biliary, 
and pancreatic glands. The muscular bulb of the mouth contains, 
in the naked species, two strong, curved, sharp, horny mandibles, 
very like those of a parrot. 

718. The short muscular tongue is covered with rows of sharp, 
homy, recurved spines (as already noticed in other moUuBce), attanh- 
od to a cartilaginous base. There are two pairs of salivary glands; 
an upper smaller, and an inferior larger piur — both of which are con- 
glomerated (a round mast^^i h<Ul), and lobulated (compottd of 
lobes). 




» 
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719. In the Nautilus, a short pharyns (a, Fig. 266) leada to the 
OEophugua (i), which dilaleB ioto u crop (c), with well niarkcd lou- 
gitadinal foldE. Below this first cavity (c), a narrow tube conducts 
to the second stomach, or muscular gizzard (d) ; this is situated on 
the right side, and varies in ite form, mnsoQlarity, and relative siEe, 
and ie provided with a thick, tough, coriaceous internal lining, to 
protect it from the hard shells, and other dense 
substances taken in with tlie food. 

720. The muscles of the gizzard radiate from 
fitmnd a circular teadinous part on each side, or 
pus continuously over tho sides of the cavity. 

From the left side of the gizzard a passage, 
generally short, and wide, leads to the third 
Stomacli («), which in many Cephalopods has a 
convoluted spiral shape, and presents internally 
niunerouB transverse folds of its mucous coat. 

Passing to the left side from tho third, or Nutridicnui orgua, 
spiral stomach, tho intestine (f) forms a short 
single convolution near the left branchial heart, then ascends along 
the fore part of tho liver to terminate between two longitudinal 
strong muscular bonds near the base of the syphon, by a free cxt«mat 
orifice (y). 

721. This third gastric cavity forms (b A'autUus) a globular 
Stc, plicated internally, with parallel folds. The intestine forms a 
short, single convolution directed downwards, then ascends to the 
fore part of the liver, to terminate between two strong muscular 
bands, near the base of the syphon. 

722. Destitute of a shell, as the great majority of the Cephalo- 
pode are, they are left (apparently) without the means of protecting 
themselves &om the thousands of foes, over ready to destroy them. 

'23. Their naked, plump, soft, gelatinous bodies, offer an irresist- 
ible temptation to every fish that swims the ocean; to Lobsters and 
Crabs; and to nearly every marine animal. 

724. The wisdom and beneficence of an all-wise Providence is 
nugnlarly exhibited in favor of the Cuttle-fishes, for he Las given 
liiem a passive means of defence, vastly more eflScacious and superi- 
or than physical power, or great warlike capabilities : he has simply 
Punished them with a bag, full of intensely black ink ; if pursued by 
an enemy, for even the shortest space, the creatures at once discharge 
the contents of this bag, which instantly renders the ocean, for a 
great ^ace above, below, and around, exceedingly blaok and turbid. 
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— morcorer, it affecta the eyes of other animals ; iu the nteanwhil«| 
the Cat tic- Sab escapes ! 

725. The situation of thia bag differs in the rarioas s' 
it is usually found adjacent to the lirer, 

726. The beautiful black pigment kuown as '' India 
made by the Chinese from the iospiasatcd (hardened) contenta of the 
ink-bag of one species, and the no less beautiful color, Sepia, from 
the ink-bag of another species of Cuttle-fish, so that the Pine Arts 
are grently benefited by the means neoesaarj to insure their lives. 

727. But the moat surprising fact in this connection is, thtkt tin 
con^entfl of the ink-bags of & number o( fossil CutiU-Jishes haa been 
made iuto an ink (in England), and the frontispiece of a pami^let 
that went through a very large edition, print«d with it; in color, it 
bears a close relation to Sepia.* 

728. The Cuttle-fishes being ehell-lesB, require a bone of aome 
kind for the attachment of tbeir strong and powerful mnaclea, and 
to give general support to the body. For these purposes, they are 
provided with an internal skelotou — the only auimaU amongst the 
invertebrate (save certain polypes) similarly provided. Thia bone, 
which extends nearly the whole length of the body, is called tk* 
gladiua (a sword), and is as varied in form as compositiou. 

729. In some species it is long, and shaped like the feather of a 
bird, the quill portion being inordinately long, whilst in substance it 
is scarcely cartilaginous. In the common Cuttle-fishes (Sepia 
oj^cinulis), it is thick, and broad in shape, having its animal mem- 
brane consolidated by the carbonate of lime. 

730. The bone of thisauicnal is common in every Chemist's 
shop, and (in this coontry) is placed in the cages of Canary and 
other small birds; considering thai it is solidified by an earth bo 
weighty as carbonate of lime, it is, above all things, remarkable for 
its extreme bghtness ; we will see what causes it. 

731. Take a portion of such a bone, break it, and plaee it nnder 
the microscope — tho secret of its lightness will soon be revealed. 

It will bo seen that the structure consists of a number of strata, 
or laminse, of inconceivable thinness; these are separated from each 
other by a vast number of pigmy pillars (Fig. 2<}7), which neceaca- 
rily admit of a current of air to pass freely between the laminal«d 
plates, which not only imparts lightness to the fabric, but must give 
great buoyancy to the animal. 
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'82. It IB an inconceivably pretty siglit to see a Cuttle-fish blush ; 
bluabing IB by no means limited to them, for other naked (shell-less) 
mollnsoH do the same oocaaionally, but 
in an inferior degree. Wlien one of these 
crentiirea is brought on deck from a 
dredge, and placed in a diah of Rca- 
waler, after a few minutes the whitonef-s 
of its nkin will disappear, and its entire 
body and tentacles become auffused with 
% pale pink color, which gradually bc- 
ComoB somevbat intensified : — this is tlio 

blush. 

Left to itBcl^ the animal will soon 
r«sanie its former color; it is, however, easy to kill them preserriog 

the blush permanently in death. 



I LESSON XLVIII. 

NUTBITION IN FIBtTEB AND BKPTILE8. 

733. For the most part, these animals are predaccous, and swal- 
low their prey entire ; tbeir <esophagua is coasei^uently short and 
wide, their stomach capacious, and their intestine short. 

734. Their accessory glands are moderately developed, and their 
teeth are adapted to prehension rather than mastication ; of the 
structure of these organs, more will be said hereafter. 

735. The alimentary canal of fishes is generally more short and 
simple than in higher vertebrata, which agrees with their predatory 
habits, and their inferior position in the scale of being. 

736. With a short (esophagOB and a capacious stomach, with its 
two orifices approximated, the whole digestive canal of fishes is often 
shorter than the body, as seen in the common Herring (Cli^ea ha- 
r&nguti), Fig. 2G8, where the narrow cardiac part of the cesopbagas 
(a) opens into a lengthened tapering stomach {h), communieatiog by 
a long duct (m) with a large air-bladder (Z). The duodenum, e 
(twelve; so called because the human daodeoum \a about twelve 
fingers in length ; it is the first of tho small intestines), is provided 
with naraerous pancreatic tubuli [d), which remind us of tho eight 
Bimilar follicular appendages beneath the crop is the Cockroaches. 



ASIIUL PHTSIOLOOT. 



From this point, a short int^BtiDe (e, e) arises, nhieli opens into |Ji« 
cloaca (/). The soft roe {h, k) of the male 6sb, like the ov&riai 
the female, empties its conteots through the common duot (i) J 
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finally by the aperture (ft) beyond the cloacal outlet (/). This ons 
figure is a sufficient demonstrotioD of the general arrangement of the 
nutrimcQtal organs in the closa of Fishes; the modifications to which 
it is Bubjcct being too unimportant to need comment: we therefore 
proceed to the class of 



73T. ThcHe animak, like the Fishes, are predaceou 
habits, and swallow their prey whole. They have loose and teem 
articulatioD of the jaws, which greatly fiirors such proceeding, while 
their teeth are sharp, slender, and fitted as prehcuaile organs, but ill 
adapted to the purposes of mastication. 

738. The long, free bifid tongue of the Frog, oovered witb 
pillte, and muciparous (mucous) follicles, is the all important 
ment for the procuration of food. 

739. It is attached by its npez to the inner surface of the under 
jaw, the base being loose and free in the back part of the mouth. 
A Frog will never touch any save a living insect, and of this fact it 
requires such positive and conclusive evidence, that the latter often 
escapes before the former is sufGciently stimulated to Attempt its 
capture. 

When once a Frog fises his eye on a lively living insect, liis whole 
appearance is suddenly changed. The passive, slaggish aninuil of 
the minute before, has suddenly assumed the aspect of ferocity. 

740. If it be a fly at some distance from the frog, on the carpet, 
the latter, his eyes full of malignity and craft, stretches out bis 
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tinibs to their utmost c&pacitj, and creeps towarda the insect in the 
most stealthy, noiseless raauner possible ; as soon as he arrives nitbin 
a certain distance of his Tictitn, the tongue is thrown out so rapidly 
that it escapes detection ; but the fly baa been struck, glaed to tlie 
tongue by the mucus on the Hurfaoe, and returns with it into the 
Frog's mouth. 

741. ThcsonseB of hearing, sight, and smell, are wonderfully acate 
in these animals. No one would believe that a fly aliglitiug un the 
surface of a carpet, wnuld be accompanied by any approeiablu sound, 
and (so far as our Eensations are concerned) this is quite true ; not 
fio with a frog, however ; the fly may alight at a distant part of 
the room, and the frog's back be turned from that direction, yet he 
hears it instantly, turns round, and proceeds to effect its capture, in 
which he very rarely fails ! 

742. The mode by which a frog is enabled to sciae its prey, is 
in this wise: stimulated by the sight of it, the tongue becomes in- 
jected with blood, through the influenca of the imagination, until it 
is quito turgid or erect; at this instant, it can bo thrown out and 
used. The action is like letting the back of the hand full quickly 
from the elbow-joint, p^^^ ^^^ 
without moving the 
wrist, and allowing it 
quickly to rebound. 

743. The process 
requires to be swift, 
for the breathing of 
the frog is suspend- 
ed BO long as the 
month remains open. 

744. There is not 
in nature a more 

11 III Trplb nnil Pnlalf f.nhs Frnir 

harmless or valuable 

animal than a frog, nor one, whose presence in gardens slionlJ be 
go muob encouraged, for they consume only insects, spiders, and 
slugs, and the quantity of these they destroy is quite incredible. 

745. It has been remarked that the teeth have a prehensile 
character in the frogs, but this cannot be demonstrated in Fig, 269, 
copied from a minutely injected preparation of the palate of a frog, 
because the spectator loolu directly down upon the teeth, whereby 
the pointed apices escape detection ; moreover, he desires to see the 
blood-vessels, to do which, cuta off (apparently) the points of the 
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teeth. The teeth (a, a) aro aeen in their aockots, but so slightlj U 
tached that many of tbctii are uissing; neither is their sharp, pointad'! 
character conspicuous, being conciealed b; Canada balsotn. Tha 
iDJection has mn so minut«ly, that the pulps [b, b) of monj of the 
teeth are injected. Two cmineDces may be seen to tho riglit ; t 
are the palutiDC bones, and to each, three and four teeth nre . 
culated; in the frog the teeth nre confined to these bones and l| 
upper jaw. The beauty of the vaiicular (vessels) arrangement of t 
mucous membrane of the palate, need not be insisted on. 

746. The strong muscular (exopiiagus ia short, dilatable, and lon- 
gitudinally folded; it leads te a narrow, elongated stomach, plaoad 
transrereely from left to right, with thick, fleshy sides, especially d 
the pyloric extremity, and covered above by the two lobes of B 
liver; always provided with a free and distinct gall bladder. 

T4T. Injected, opened, and mioroaoopioally examined, the eti 
of a frog presents all the elements of a true digestive cavity. Iti 
mucous membrane ia traversed with capillary blood-vessels, which 
ramify on tho surface of the cell-walls, everywhere conspicuous (Fig. 
270). Mucus issues from the cells, and a gastric fluid b secret«d 
by the capillaries of the mucous mcmhraGe, so that the resolution of 
the food is accomplished on precisely the same principle in a frog as 
in a man. 

748. The duodenum is remarkable for the entire absence of pa- 
pillte {papilla, a teat or nipple), but it is provided with transverse 
folds of the iutestino, called vaivulce eonniventet (valvular folds). 
These valvular folds have edges like papiltie, but, instead of being 
distinct bodies, stretch across the intestine as one single fold. 




DDDdoDum, Frog. 



749. This is shown from the injected duodenum of a frog (Fig. 
S71). The villi (or papilla!) of the duodenum, that we look in vain fw 
in the Frog, present themselves with all their cbaraoterietioa welldi 
veloped, in the duodenum of the Toad (Fig. 272). 
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The same abort, broad, square-shaped organ that belongs per- 
siatentlj to this portion of the ititCBtioal canal in all the wnrm- 
bloodod snimals, is equnllj characteTistio of the duodenum of a lowly 
Batrachian I 

The folds that vrero transverse in the duodenum, become lon- 
gitudinal in the ileuui, and display a beautiful arrangement of capil- 
lary blood-ressels (Fig, '2,73), as ahowii ia the figure, copied from an 
injected preparation of the tiaaue. The large luteetine (colon), al- 
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though destitute of folds, presenta a fine example of capillary dis- 
tribution, and is shown in Fig. 274. 

The mucous membrane of the large intestine presents great uni- 
formity in both frogs and toads, and consista of a plesus of capillary 
blood-vessels, which appear to orosa the larger vesBela of supply and 
return (arteries and veins) which are situated in the Bub-muoous tissue. 

The mucous membraue is so thin and transparent in these ani- 
mals, that the larger vessels can be dbtinctly seen in a well-injected 
preparation, through its parietes ; this is showa in the large intes- 
tine of the Frog, Fig. 274. 

750. The Batrachian reptiles {bairachos, a frog), which include 
thetTOga and toads, are not amphibious — they are air-bre^lhing an- 
imals, and cannot respire at all under water. If a frog be kept be- 
neath the Eurfaoo of the water ho dies, in 

not exceeding four hours. 

751. There are reptiles, however, 
supplied witb permanent gills, fur a<juat- 
ic respiration, and lungs, for breathing 
air, and these constitut« truly amphibi- 
ous animula. The ponds of this eountry 
teem with a very interesting amphibious 

reptile — the Menohranchus (permanent j;— inictiuj^ p, 

g^), usually called " the mud sucker." 

752. In form it is somewhat Lisard-lilte, having a long body, four 
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abort legs, and a tail of moderate lengtli. Its he&d is broftd And 
fiat, at the base of wliich the " permiment gUU," from wbich ita 
Greek name ia derived, are seea on eitbcr aide, 

753. Its internal atractare agrees, In general parttculara, with the 
frogs; the stomacb marks a alight advauce in relation to the great 
regularity and diatinctneaa of the mucous colla, and of the decp-eeated 




capillaries (Fig. 276) ; ao, too, the ileum (Fig, 276) shows the lon- 
gitudinal folds, and the capillary arrangement in great perfection. 

754. Auother of these Amphibim, the Menopoma (permanent 
holes), like the former in size and general particulars, but presenting 
a series of holes at ita sides, like a Lamprey, and not yet found in 
this country (ao far as known), hut indigenous to Africa, presents a 
atill further advance in the structure of the stomach (Fig. 277), by 
displaying in each cell two mucous tubes. 

755. It is deeply intereetiug to traee the gradual development 
of such an important organ as the stomach, from its condition in a 
batrachian reptile up to man, and thia principle will be followed (as 
far as expedient) heneeforth. 

758. Passing the Ophidian reptiles (snakes), and the Sburid 







(lizards), we come to the Chdonian order (turtles, tortoises); beM 
we find that the nntrimcntal organs (especially the slomacb) hH 
gained a great advauoe. The injected stomach of'the Sjk 
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Turtle (Fig. 27B) well illnBtrntes tliis fact. We here MO the gastric 
cells of the mucous membrane of large site, and llie capillaries me- 
uuderiug OQ their surface in a tortuous direction. 
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?a7. In this class the alimcDtary apparatus is adapted for the 
higher forms of animal aud vegetable matter, which they obtain in 
the air, iu the waters, or on t(h earth. The jaws have their margins 
covered with horny plates, like the Cheloniun reptiles, which vary iu 
their forms according to the kind of food they are destined to 
feed OD, 

758. The broad, depressed bills of Duckt, Oeese, Swans, and 
many other aquatic birds, with dentated edges and soft, sensitire lips, 
ore well adapted for obtaining worms, and other small objects nnder 
water or in mud. The flat, Bpatulato jaws of the ^poottbills are 
adapted for quick, lateral motion in the water, and for extracting mi- 
nute animals from the moist banks of lakes and rii-ers. 

759. The sub-maxillary pouch of the Pelican serves as a net for 
seizing fishes ; the straight, sharp bills of Cranes and Storks dart 
with precision through the water upon their moving prey, and the 
long, compressed bills of Cormorants, Gulls, Albatrosses, and other 
predaceous aquatic birds, terminate above in a sharp inverted liook, to 
seiie firmly the smooth, scaly bodies of fishes. The broad bills, with 
cutting edges, of the Strutblous (pertaining to the Ostrich, two- 
toed) birds, are adapted to prune tho leaves and shoots of plants, 
and the long, narrow bills of Woodpeckers to be inserted into small 
crevices to seize minute insects, and most of the Inscotivorous birds 
have a similar structure on a smaller scale. 

760. TBe long, tubular beak of the Humming-bird is suited for 
insertion into tho corollso of flowers. In the Orosbeaks and Cross- 
biiie, the Sparrows and Buntings, and all the granivoroua (feeders 
on grain) order, and in the common poultry, the bills form stronger 
and shorter cones, broader at the base, to break down aud remove 
the hard coverings of grain. In tho climbing Cockatoos, Parrots, 
and Maccaws, the broad and powerful bills serve as prehensile organs, 
and to break the hard, shelly coverings of seeds. The bills of Eagles, 
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Vultures, Hatokt and Owls, and other rapaciong birds, i 
short, compressed, arched, curved at tho point, dense ia their i 
ture, and with sharp, cutting edges, to scite, and t«ar, and cut d 
flesh of living prey. In fine, the external forms of the 
respond with and indicate the stmeture of the ioternal organs of ■ 
gestioD, and afford useful oharaoters for the diviaion of the cti 
Pig jjj Want of Bpace, however, 1^ 

not permit more than tf 
lustratiouB of the digest iv 
gans, and the birds seleQ 
for thin purfMwe are 
mou Fowl and the Crow. 
• 761. The length of the nil- 
trimuntal canal differs great* 
\y in the aeveral order* .) 
Birds ; it obeys the 
law of being shorter in n 
flcjh-cousuniiag tribes, 
of greater length in thow 
feediug on a vegetable diet. 
In nearly all the r 
of this class, the food \»1k 
tained in a preliminary fl 
formed by the diiatuljoi 
some part of the nioH 
phurynx, or oesophagus, I 
fiiru it passes into the * 
mach, and ia this recepM 
it frei[uei!tly undergo 
partial state of digcstil 
III most of the small bi*( 
feeding upon grain, andl 
the coramon poultry, a ■ 
cial sac is developed from 
the cesophsguB, culled the crop {b. Fig. 279). The food ia allowed to 
lie and macerate for some time in a, fluid abundantly secreted bj * 
number of follicles situated in the walls of the crop, which pr«p4 
it for the more perfect process of digestion, which it will rcoeiT€ 
the stomach. 

762. From the crop the ODSophngos (a) continues, exbibi«| 
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another bat slight onlargemcnt (c) before it enters the etomach; this 
eeoond Eac ia cajled the " p rove ntri cuius " (pro, before j ventriculut, 
the fitomach). This latter organ secreteB a gastric fluid proper, which 
additionally preparea the food for the stomach's action. The gis- 
Eard, or true stomach of these birds (d) next euoceeds, aud if its 
stmcture be found on investigation to be pt^cuUsr, so at least Is ite_ 
function. Examined carefnlly, it will be found to possess two pairs 
of muscles ; of these, one pair is moderately, while iho other b most 
inimodcrntelj, developed ; the interior, too, is lined with a. hard, oal- 
louB, non-vascatar, perfectly insensible, membrane. 

7G3. The action of these muscles is to press the sides of the 
stomach (gizzard) firmly together, aud produce and sustain a lateral, 
grinding motion, by which means the hard food may become thorough- 
ly triturated (reduced to a very fine pulp). To assist this moat 
remarkable process, these birds always swallow small particles of 
flint, for without its agency the probability is that the perfect reduc- 
tion of the food could not be accomplished. These flinty particles, 
combined with the constant, firm, lateral motion of the mu>!cles, and 
aided by tho iuscosible liotug membrane of the giisard, form au ex- 
cellent apparatus fur the purpose required. 

764. Those persons who keep Canaries, and other singing birds, 
instead of sprinkling fine gravel on the bottom of the cage, that the 
poor birds might help themselves to flint, to assist their difrestioD, 
usually give them a piece of Cuttlefish-bone (Carbonate of lime !), 
which is useless. 

765. The consequence is, the poor creatures sicken (of dyspepsia) 
and die ; if any one wilt make the experiment, and try the effect of 
some minute particles of silica on their favorite song birds, the ex- 
treme greediness with whicii it will be consumed will speedily assure 
them of the necessity fur its continuance. 

766. The liver, of fair dimensionH (e), discharges its seeretion, 
by Its proper duet, into the duodenum ; the 

well-formed gall bladder [f), and a pan- 
creas, or sweetbread (g), are also mot 
with. The duodenum (A) succeeds the 
stomach, or gizxard ; if the latter be found 
devoid of blood-vessels, the like cannot be 
said of this commencement of the small 
intestines, for, on the contrary, ils inner 
surface is densely covered with villi (like 
the piif of velvet, and giving a velvety 
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appear&nce to the intestines), of unusual size, and remarkable foq 
squarenoss of their contour (Fig. *280) ; it vill be seen, by refer* 

P,^ 2^, to the figure, that the villi are ili- 

itQsely vascular. To this succeeds 
the small inlestine (t, i), the o 
(£), and the large inteetiue J 
teruiinatiiig iu the uloaca (o). 

In the common Croir, tlisi 
mcntary oanut posscasca much J 
cral agreement with the like u 
in the Fowl ; points of di&eri 
however, occu 

A portion of the ssophagnj 
Fig. 2S1}, together with the j 
EHrd and commencement of Ilia 
dundeuum, has been accurately 
copied from a dissection. It will 
be apparent that the enlargerovnt 
at the cardiac portion of the obbo- 
phagus {b) exceeds that of the 
Fowl. 

The pjlorua (4) marks the 
ua.-num. ic.crow. point where the duodenum (e) 

The gizzard (e), although uot very large, possesset 
muscles of great power. 
Theae will be better nnder- 
atood by cunaulting Fig. 
2^2, in which this organ is 
seen cut open. The lower 
part of the ce^ophagaa {a) 
cnuducta to the cardiac en- 
liirgfmeut (b). A muBvle 
of the larger pair is cat 
liii'wigh at c, and a muscle 
<if iho smaller pair at d. 
The deep folds and wrinkles 
of the interior of the ttiy 
niach (giziard) are roferr«d 

The inttiiitiuGs exceed iu length those of the Fgvl, and ti 
without the development of a coecal appeudkge. 
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767. Tbe digestive organe vary more in this olass than in any 
other of Ibe Yertebrated animala ; moreover, tbcy present tbe high- 
est type of development in the varionB organs connected with the 
function of nutrition. 

768. The high condition of their organs of seniie assist these 
ftnimals to perceive minuter difierenceB in tbe cbetnical and physical 
properties of their food ; while the struuture nud fixed position of 
the teeth enable them to commiuule their aliment, and mix it Buffi- 
ciently with the secretion of the salivary glands, for the final pur- 
poses of digestion. 

769. The Rodentia {gTiavnng) present some striking peculiarities 
in connection with the development of their nutrimental organs. 
Although possessing but one stomach, it 
contains, nevertheless, the elements of 
two very distinct organs. The stomaub 
of the common Rat (Fig. 283) offers n 
good illustration ; the (esophagus (a) 
communicates with nearly the centre of 
tbe organ, and can, with the like ease, 
deposit food on either side. By inflating 
and drying such on illustration, a Hue of 
demarcation will then be visible, clearly sionmrtof th.' .m. 
dividing the organ into two distinct parts ; that towards the pylorus 
(ft), on tbe right side as it lies in situ (li), will appear to bo (fticA, 
as if composed (as in truth it is) of tbe three coats conunoo to such 
an organ ; on the Icfi side {e) there is superior transparency, and a 
number of lines, tidges, or farrows, transverse in their direction ; the 
duodenum commences at e. In the figure tbe organ is reversed, but 
it is everywhere described correctly. 

770. If, instead of inflating and drying tbe stomach, it be cut 
open for esamtnation, the left side («) will be found devoid of mucous 
membrane, or muscular coat ; both of which, together with an ex- 
ternal serous coat, are found in connectioQ with the right side (d). 
To render our examination complete, we should try the injecting 
syringb, to ascertain the vaaoularity of the organ, and here a very 
interesting fact ia disclosed : the right side of the stomach is in- 

12 




178 



ASUCAL PHT8I0L0GT. 




t«Dsely vasoul&r ; — the left side consists of a bard, oalloos, inseniiible, 
Pj^ j^ 110 q- vascular ojembrane, comparable in 

every respect to the membrauo lining the 
gJx£ar(Wf the fowl. An injected prepa- 
ration of the stomach of the Muak-Rat 
(so far afi it is vascular) is offered in 
Fig. 284 ; it Is useless to attempt to 
show the other lialf, for not one single 
vessel does it possess. But the mucous 
membrane of a true digestive cavity is 
"'"" '" admirably shown in the vascular portion. 

771. Many of the Kodents (the common Rat, for example) are 
ouinivorous ; feeding indiscriminately upon all that comes in their 
way ; at one time eating flesh, at another grain. 

772. It has been supposed, therefore, that flesh would he placed 
in the right side of the stomach, and digested on the principle com- 
UOD to all carnivorous animals ; and that, when a material as re- 
fractory as wheat was purloined from a farmer's granary, it would be 
traosferred to the left side, and become subject to the same kind of 
trituration as if found in the giziard of a fowl. 

773. But inasmuch as all the gnawing animals (Rodents, including 
even the Mice) possess the gome kmd of stomach, and many of theni 
are strictly vegetable feeders (Mu^k-Bat, and others), this opinion must 
be ^ven up, and at the present moment we can only confess our ig- 
norance of the intention and special use of this rcmarlcable dual (two) 
organ. 

774- The wonts of those animals designed to feed excIuMvely on 
grass, are peculiar, and necessitate an arrangement of the nutrimen- 
tal organs of such a kind, that no parallel can be found iu the animal 
kingdom, except in certain Insecbi, organized to consume the sane 
material, and there we find a like adaptation of parts. Of all the 
various forms of food given to animals as their natural pabulum, none 
is found to contain such a mere atom of nutrient material as grue. 
Moreover, the nutriment, small as it is, Is locked up in a particular 
manner, so that the means in ordinary use for the resolution of oilier 
substances, are altogether inadequate for the dissolution of a substance 
BO refractory and unyielding. 

775. In the herbivorous quadrupeds (Cows, Sheep, Deer, ifcc.) wo 
find fonr distinct sacs, or stomachs, devoted to the reception, macer- 
ation, and digestion of the food (Fig. 285). 

T7C. In a state of nature, the herbivora, naturally timid, and 
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dreading Baaatilts from tbeir foea, the Feline anitnalg, g^i to tbe pas- 
tores in flocks, for mutual protection. Here tbej will be eecn buailj 
engagod in oroppiDg tbc herbage only, and f,„ n^i^ 

when their LimgL'r U satisfied, thej hie 
away to secure and shady retreats, to di- 
gest, at tbeir leisure, the material tbey 
have provided for that purpose. 

777. In a domesticated state they have 
DO cause for fear, and as soon as ihey feel 
mtisfied, tbey throw themselves lazily and 
listlessly on the grass, to commence the 
process known as " rumination," or " chew* 
ing the cud." 

778. While steadily engaged in crop- ' ' 

ping the grass, the crude food is passed down the tesophngus (a) 
to thcjirst stoTTiaeh, which is by far the largest [b). 

770. This is called the inghiviea, or paunch, and is simply a 
huge collecting bag, analogous to the crop of a bird, or an insect. 
The food lies macerating in the paunob, in a Quid, apparently of no 
chemical significance, secreted by the or^n. 

780. During the period the animal baa been collecting grass, 
some of it has been Bqueescd out of the over' distended paunch, into 
the tteond ilotnack, or reticulum, so called from the honey comb-like 
stmcture of its interior. This stomaoh (c) is small, its internal sur- 
face consisting only of honeycomb cells ; into these the morsels of 
grass expressed from the paunch go, and by the action of the muscu- 
lar coat of the slomach, aided by a little water generally found in 
the cells, the gra.sa becomes converted into n round ball. 

7S1. When all is prepared for mmiuation, one of these balls is 
suddenly jerked up the ossopbagus into the mouth, and submitted, 
for the first time, to the action of the grinding teeth. 

782. These organs are of peculiar structure, as will be hereafter 
seeti ; & most lengthened proeens of mastication now commcnoes, and 
oODtemporaneoaxly the food is thoroughly insalivated from the copious 
secretion of the salivary glands, which are always well developed in 
these animals. Thus the vitality of the grass is perfectly destroyed, 
and it is at last fitted to descend the (esophagus, a second time, 
frith its tissues loosened, and prepared for the ultimate process of 
resolution by the stomach proper. It descends the rasopbagUB, bat 
it passes neither into the first nor second stomach, but, by means of 
two thick muscular folds placed across the opening of communication, 
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a ouial is foaned which oondncta to the third stomach, the omatum, 

or tnani/ plies (rf). 



LESSON LI. 

NOTEITION IN MAMMALIA. CONTmDED. 

788. This stomach is of much greater dimensiona thui the Beotnid, 
and much loDgor than wide ; its interior consists of a vast nuniber 
of folds of a membrane, hence the word many plies, or folds, whereof 
every alternate fold is large and deep, and the intermediate one short 
and shallow. The food gets impacted closely within these folds, and, 
from its appearance, no leas than the quantity of moisture found always 
in the membranous folds of this stomach, its fiuiotion appears to be 
to press the food, and absorb from it all extraneous moisture. The 
effect of these folds is like that of a series of dauip towels, and it is 
quite reuiarkaLle bow compact and comparatively dry the food be- 
comes in the omasum. In due time it passes through an aperture of 
I'DiumunicattoQ into the ahomastim, or reed, the fourth and last sto- 
mach {ej. 

784. Examined by the microscope, this is the only organ pos- 
sessing a mucous membrane organized to secrete gastric juice and 
mucus, and digestion of the food in this stomach appears to proceed 
precisely on the same plan as in those animals possessing only one 
stomach. Tht'se animals, therefore, in common with insects, poaseM 
really but one digestive E>ac, all the others being auxiliary, and en- 
dowed with functions extraneous to that of true digestion, but neces- 
sary and essential, from the unmanageable nature of their food. The 
duodenum is seen at/. 

785. In the Camels and Dromedaries, the second stomach be- 
comes of great importance, as its cgUs are employed as a reservoir to 
contain largo quantities of water to supply its daily need when trav- 
ersing the dreary and parched deserts, where no water can be found. 
The surface of these cells (in them) is covered with a layer of muaen- 
lar fibres, and the animal possesBea the power of opening these aper- 
tures, to admit a small supply of water only to escape, and closing 
them again, as soon as its immediate want is supplied. So great is 
their thrift and economy in this rcspeot, that Camels have frequentlf 
been known to travel for thirty days without water. 

786. The length of the intestinal canal is always great ii 
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I, iu tho Sbecp, the uunal U upwards of 
if the body, and it is of proportionate dimen- 

inteatiDtLl canal presents a villous mem- 
tho glandular Bystem of the intes- 
ho Caruirora and to man, is no less 



table feeding animals ; 
thirty times the length o 
aiona in the Cow, &u. 

787. In Btructure, the i 
brane of great beautj?, 
lines, BO well displayed i 
displayed in these aniiuals. 

788. In t!ie small intestines, especially in the Ileniu, patches of 
glands more than a finger long present tliemselves; these are the 
glandalsa aggregatiB, or agmenatte (aggregated glands) of Peyer. 
Usually these glands are non-vascular, hut, in the ligure of them 

Fio. 3M. 





presented, drawn from a preparation (Fig. 286), it will be seen that 
the anriace of eaoh gland (6, b) is covered with a network of capil- 
laries, having wide mcshea; the villi (a, a), in the midst of which 
the glands are situated, are beautifully seen. 

789. In all the higher animals it happens that the largo intestine 
(Colon) reproduces, as it were, the peculiar cellular structure which 
dutinguishes the Btomach, and so very like it, that frei{ucntly it be- 
comeB very difficult, if not impossible, to discriminate between slo- 
maoh and colon ; this is the more surprising when we consider how 
many yards of a totally different structure intervene between these 
two organs. A figure of the Colon of a, Calf is given (Fig. 287), in 
which the cellular structure is shown. 

790. In the Carnivorous animals the structure of the teeth is es- 
sentially different from those of the herbivora, and better adapted a^ 
organs of prehension, mastication, and for tearing and dividing their 
food ; but there is yet another organ singularly modified to suit spe- 
cial wants, and this is the Tongue. 

791. The tongues of all the higher, and many of the lower verte- 
bntta, posaess (usually) three forma of pnpill»L the Jitiform (a thread 




or filament), fungiform (maahroom ehaped), and the circumvallata 
(surrounded hy a ditch). All the§e forma are found without anj ad- 
ditioQ m the feline animals, but in them the jUiforvt papilla are 
modified to subserve the purposea of teeth. 

792. In a state of nature, these animals are subject to " a feast 
and a fast," and frequently bare to endure long interrals of absli- 
nenee from food ; whenever it is present, therefore, thej make the 
most of it; feeding to repletion, the firat daj or two, if the proj be 
large, till at length the carcass is demoliahed, and nothing remains 
but the bones. These are not jet reduced to the condition of a skel- 
eton ; the attachments of the several muscles, and their tendinous 
terminations, yet remain firmly connected to them. 

793. Still they are much too short for the teeth to grasp, 
and the' animal must now depend upon ihs kindly offices of the 
tongue, or starve. 

794. It proceeds, therefore, to lick tht hones, and the flesh'peels 
off at every effort; this long, soft, floxuous organ can, and doea, pen- 
etrate all the cavities and sinuosities of a bone, especially at the ar- 
ticulating surfaces ; nothing can resist its power ; fevcn tbe periosteum 
(the membrane that tightly covers a bone) is found to enibmit, and 
all that remains, when the process of licking a over, is a white, per- 
fectly clean, well-prepared skeleton. 

795. Those persona who have suffered their hands to be licked bj 
an affectionate domestic cat, will have an idea of the potency of this 
organ ; nay, they must be conscious that if tbcy could endure the af- 
fectionate demonstration for only a very few minutes, the cuticle 
would be abraded, and blood would freely flow from tho true «] ~ 
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NtmtmON IN TEE MAMUALLL, CONCLUDED. 

796, In order to moke the foregoing statement fully oor 

bended, a figure is given of a Cat's tongue (Fig. 288), copied from ft 
preparation. The tongue of a Lion is in every respect precisely aimi> 
lar, but larger. The filiform papilUs {a) are found from the apex, 
where they are interspersed with the fungiform (&), to about one-third 
of the length of the tongue, and at this point thoy increase in size, and 
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have their csternal surface covered with a dense hirny layer. This ir 
crease in ause continues to, and beyond 
the centre, at whjcl point tlioy liuvc 
assumed very formidable dimensions 
(a). Near the base of the tongue, tbe 
circumTaUale papilUe (c) are found ; 
tliej are six in cumber. Tbese arc 
only greatly enlarged fungiform papil- 
Ite, and th« ditch by which they arc 
EUTounded is filled with mun^s- 
crypii, or tlia mucus-foUiolcE of Lui- 
berkubu, who first described tbcm. 
They are the external outlets of mu- 
cua-tubea, mucus being abundanlly 
poured out to lubricate tbo upper sur- 
face of the tongue. 

Beyond the Ciroum valla tse, are ' 
other filifonn papillto, but destitute of ' 
n horny covering, their situation being 
too remote to be effective as teeth ; 
they are covered with mucoua erj'pfa, 
so well formed, that they pi>ssesi< a cal- 
lous niargiu. From the peculiar cov- 
ering of the filiform papillie in the 
Feliae auimala, it is probable that 
they are not cudowcd with much Bcusibility s 
that this function is exercised by the fungiform papillai alone. 

707. The stomach is well formed {aa regards its ultimate or 




) organs 



of taste, but 




microscopical chameter), a« might be expected in a true carnivorous 
aoiiaal, and a figure of the Cat's stomach is given (Fig. 289). 

798. Another remarkable modification of Rtnicture is met with 
in the villi of the intestincB, which in all these auimalB are singular- 
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\y long and narrow; notLing can exceed, however, the bei 
rimgcment of their capIUury plcEuses (Fig. 200). 'She Buiftll ilM 
tine of the Cat shows this very nicely, bnt in tho Lion (Pig. 291} H 
ia still better shown, as tho oapillari«8 in the Cat are of extreme 
tenuity ; but in the latter the vesseb and the villi both attain t 
maxiiunni development, bo far as is consistent with this clam. 

799. The intestinal glandular synt«m is also well develop( 
these animals; the form of the glands difiers pretty mnoh from t 
we have already seen: thus, in the aggregated glands of the \ 
(Fig. 292), each gland stands in a cup, or surrounded hy k i' 
which 13 filled with mucus- crypts, the gland iteelf being Bomea 
oonical in form, the top oonntiiiitiug the larger portion. 

800. But in addition to the aggregated, animals have, in ^ 




small intestines, glands of the same characlcr and form, disperaeil 
widely, and found singly : these are the solitary glands. The li 
intestine has its glands also, always howover of the solitary klodi' 
being in stmcture the exact converse of those we have yet 
The glanda hitherto seen were evolved (opened, expanded), thoM* 
be described are involute (to envelop, to cover with surrounding 
matter) ; in other words, they are funnel-shaped cavities, ezoavaMd 
as it were out of tho mucous membrane. In tho first, we saw the 
outside — in the lost, the inside ; both these glandu are really shaped 
alike, but they are reversed in their position. 

801. Again, reference is made to the large intestine of the Lion 
for the demonstration (Fig. 293) ; here the capillary structure of the 
mucous membrane is everywhere seen ; it surrounds the cavities of 
the solitary glands, and enters them to a certain depth. 

To render this more intelligible, a section of the last prepara- 
tion is figured (Fig. 294). The capillary plexuses of the muooiu 
membrane are seen upon the upper eurfaee, and descending for ft 
space into the cavity of the gland, and finally, ite funnel-shaped ^ 
rior ia well shown. 
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The large intestine (colon) of the Feline animals ngrcca in gen- 
oral particulara with tlie characteristics usually exhibited in the ani- 
mal kiugdom, with respect to the grciit resemblance it uniformly 
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', Lion. 
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bears to the structure of the stomach. A figure (295) of this part 
of the intestine of a Cat is given. 

If the pupillary surface bo earefully disaoctod from a well inject- 
ed intestine, the suVmucous tiasnc will be found to present a. beanti- 
fill view of the vesaeU which supply blood to the vilL, and of those 
which are employed to eSuct its return — in other words, arteries and 

As these vessels end 




sarily niinntc ; but in the layer immediately beneath, the larger 
vessels, in conneetion with this particular plexus, arc found. 

A figure of this strueture, from the small intestine of the Lion, 
given (Fig. 296), which shows all that has been described. 

802, In the Caniue animals (Dogs), many of the tissues differ 
greatly from those of the Feline ; the tongue, for example, ia re- 
markable for its extreme softneBS and ductility. Possessing villi of 
the Hme denomination, in these auimals they appear to be endowed 
with exquisite sensibility, at least the distribution of the gustatory 
nerves (aeives of taste) would lead to such couolosioa 




804. The structure of the mucous membrano of the stomach of i 
Dog U highly interesting, as will be seen by refereooc to the ocooiu- 
panying figure of it (Fig. 299). Here tbo gastric cavities are beau- 
tifully formed, their cell-walls coosi^ting of a single, tortuous oqii]- 
lary blood-vessel, and the dcep-sealed veaselB which surround the mu- 
cua-tubea are well shown. 

805. The line of demarcation which separates one tisane from 
another is always remarkably abrupt. Some (theoretical) phyeiolo- 
gists hold, that the change of one form' of tissue into another is so 
rcr; gradual as to become quite in^ODsibJe; an opinion entirely ap- 
posed to faot : for example, the structure of the stomach continues 

half way through the pyloric valve, the 
other half of it being duodeoam, aa iriil 
be seen in Fig. 300, from the Dog. Il 
is quite true that the stomach exhibits 
pnpillse, in addition to its gastric cells, 
prior to the comuencement of the pyloric 
Talve, and within the stomach — a fore- 
shadowing of the important tiasac fa<Ti>> 
after to become, not the exception, but 
.uneuon^or^fioni^iiuiaano- the rule; they do not extend, ho werer, 
to the pylorus, and are more usual in 
man than in the stomach of domestic animals. So, too, as rc^ar^ 
the nio-ciecal Talve, which forms the junction of the ileum with the 
cnoum and colon ; the structure of the small intestine remuns in- 
tact half through the valve, when the caecum abruptly joins it. An 
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artery, with its three diatinguishing characteristic coats, ends ab- 
ruptly, suddenly, in a capillary ; the structure is altered, and so is 
the character of the circulation. Ib like manner, a capillary aud- 
denly terminatoa, and a vein, with it8 eharacteristioa of structure 
ftod function, commences, and bo with other tissues : each maintfiina 
its own integrity without compromise, and ends only at the point of 
junction with another tissue. 

106. The duodenum of a dog is a most surprising sight The 
great length and breadth of the tIIH, conjoined with the large dis- 
tribution of capillaries to each villus, renders the preparation under 
Ute microscope a very gorgeous one. 

This is represented, as far as art can go, in Fig. 301, but the 
white lines on a black ground form but a sorry 
flubstitute for the rich color of the vermilion 
which has been injected into the vessels to 
simulate arterial blood. 

807. In the Jejunum (empty, and bo call- 
ed because this intestine is always found 
empty), the form and size of the villi undergo 
tnodification in all animals, and this is repeated 
in the Ileum ; examples, however, are not ne- 
oeesary in this connection. 

808. In the colon, as shown before, the 
structure of the stomach is so nearly repro- 
duoed that it Is extremely difficult to define o 

fact, the only rule appears to be the following : generally the gas- 
trio cells of the stomach are wider on the eurfaee, and deeper tbau 
tiie cells of the colon, consequently it is easy to penetrate many of 
the former by the microscope, and see the capillaries ou the floor of 
the cell, around the mucus-tubea. (See ^ ^^ 

Fig. 299.) As there is no such struc- 
in the cells of the colon, the attention 
of the observer is necessarily restricted to 
the surface, and here the identity with 
the stomach appears to be perfect. 

The colon of the Dog ia shown in Fig. 
S02, and fiilly justifies all that has been 
■kid of it 

Enough has now been written, and 
axamplea sufficient have been produced, to show the principles of ua- 
'tetion, as displayed in the animal kingdom ; those subjects which 




e tissue from another : 
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hat-e Mtberto been lightly dealt with, Dotwithatanding their impot- 
taut inflneace on th^great qnestion under discussion, have been re- 
Hervcd designedly until the salient points in regard to the nltimate 

posed of; and because it was deemed more advisahle to uke such 
euhjects specially, in connectiou viith the nutrition of maa These 
jre, the stractnre of the teeth, the structure, but more eapecUUy the 
function of the salivsry glands, and the properties of the gastric jnioe 

M 

LESSON ^^^^^H 

TlIE STRUCTUBE OF THE TF.ETB. ^^^^^^^H 

809. The teeth claim priority, and, reversing the order of arrange- 
ment hitherto pursued, in which the lower animals have Bcrved as 
he basts for the consideration of moro complicated structures, de- 
voted to the performance of a kindred function in the higher forms 
if animal life, it is intended to begin these inquiries with man, and 

P,^ 3„j gradually descend in the bc«^^^ 


■ 


I 


l^^^^^^^^^^^^^l the the l^^^^H 

^^^^^^^^^^^^^^1 the is peculiar, and n- V 

^^^^^^^^^^^H a injected preparation 1 

^^^^^^^^^^^^^^H bo mucous membrane 1 
^^^^^^^^^^^^^^B the gum be found covered 1 




are sooienhat long, and consist of 
a single looped capillary, which, through the tension of the injccUon, 

idcrable, presenting, literally, a forest of them. Tho papilke of tb« 
ips present a gorgeous sight, when well injected ; tho loops, as in 
he former case, twisting with the pressure of the injection, 

THE ^^^H 

811. These organs, together with the bones, to which thflj^^^H 
losely allied, form tho sclcrogenous (hard) tjasnes of animals. ^^^^B 

812. Human teeth, and the teeth of the higher mammalia, ood- 1 
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ee distinct tiesaes; the dentine, or tvorj, which fbnna the 
greater part of tlie tooth, and contributes to its form ; the enamel, 
whicii covers and defends the outer, exposed surface of the tooth ; 
and lastly the craata petroaa, or ceraentum, which forms the external 

^oovering of the fang. The interior of a t^otb contains a cavity of 

HYftriable size, called the pulp cavity, in which, in a healthy tooth, the 

H.VA9CuIar pulp, with its pleiua of nerves, lies. 

^ 813. As the enamel first meets our gaze, it shall have priority of 
desoription. This tissue, in the grinding teeth, is thickest on the 
masticating surface. A delicate membrane, discovered by Naamyth, 
and known as " Nasmyth's membrane," covers the enamel, and is so 
olosely united with it, that they can only be separated by the em- 
ployment of hydrochloric (formerly muriatic) acid. 

814. The enamel is so much more brittle, and harder than the 
Other tissues of the teeth, that a knife scarcely marks it, and it 
readily yields sparks when struck against steel. 

815. This tisane presents a fibrous structure, doe to its compo- 
aition, which consists entirely of the prisms or fibres of the enamel. 
These are long, solid prisms, irregular in shape, but usually hexa- 
^nal, or pentngODal, generally occupying the whole substance of the 
ienamel, resting by one extremity on the dentine (ivory), and by the 

er on Naamyth's membrane. 

816. In adult teeth it is easy to detect these elements in longi- 
tudinal or transverse sections, bat it is difBcult to separate them for 
my great length ; it is easier of accomplishment in young and devel- 
^ing teeth, where the enamel is so much softer that it may be 

a knife. The action of diluted hydrochloric acid is 
necessary to efTect the separation of the prisma, and, if not too 
long continued, delicate transverse striae may be detected on their 
surface. 

817. The priams of the enamel arc very firmly united, but what 
flonslitutes the bond of union, has not yet been satisfactorily demon- 
rated; delicate tubes have been clearly established lb connection 

'Uh this tissue in young animals, and although difficult of detection 
adults, the probability is that they are present, although it may 
in a calcified condition. 

818. In making a section of a tooth, to show the facets of the 
L|visms of enamel, great care should be token not to injure the ex- 

■nal surface, but grind from behind until sufficiently thin. 
ilQ. A figure of such a section, from a human tooth ao prepared, 
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cnch othor, and enabled tn form a. aolid tigsue. he obscure, iIh-ts cm 
he no doubt of the wanner in which the denttne becomis firmly coo- 
iiL-cCcd to the enatacl. The dcotiaal tubuli, as tbey approaoh Uie 
i^nnmcl, divide nod form ¥-liko terminBtions, whicb (id the moUr 
p,,, -,,„; teeth) penetrate the cnaiDel, 

and thus form a bond of un- 
ion ; but to hnnian canine 
teolh, a mucli more efficient 
plsD is ID oporatioD, aa shown 
in Fig. 306, whieh repre- 
sents the junction of the den- 
tine and enamel in a homan 
canine tooth. Tubes of tlie 
dentine (a, a) having entered 
the enamel, become torta- 
ous, and greatly inoreue b 
size, et-pGcially aa they ip- 
'""""° "^"'' proRch their terminations; 

they form a series of wedges, or dowclls, which renders the contact 
80 firm that no earthly power can separate tissues bo joined. Strike 
a tooth on an anvil with a hammer, the blow will break the tooth in 
all manner of directions, but no mochauical skill can scparnle the 
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ensmel of auob a tooth from the dentine at it« point of junotion. 
This pl&n of uttachmeDt appears only to bo used for teeth like the 
oanines, that are brought violently into contact with re-->istiiig snb- 
staaot^s; other teeth, the molars for example, having a steady, uni- 
form action to perform, do not require such extraordinary cure, oei- 
tber is it bestowed upon them. To show the mode of connection 
with tbe enamel of a molar tooth, see Fig. 307. 

The deutinal tubuU are s^eu at a, their terminations dividiog ioto 
two branches {b) prior to reachiug the enamel (c), vhich forms tbe 
mode of connection of the two tissue:^ 

822. Tbe junction of dentine with the crusta petrosa, or eemen- 

i also by tbe insertion, or interlacement, of the t«rraiDal bifid 

I dentinal tubnll with the comcutuiu j and as there is no strain or vio- 

l Icnce to any part of the f^ug, tliid mode of connection ajipfurs to bo 




■It that is necessary. It is interesting to observe that whether tbe 
dentine has to bo connected to the ensjnel or to the crusta petrosa, 
that its own tubuli are employed an the bond of union. 

The fang of a tooth, from its position in the bony socket of the 
jaw (alveolus), is greatly protected from acts of violence ; whilst tho 
same appliances are in use to join the orusta petrosa to the dentine, 
the branches of the tubes of ivory are so minute as to be scarcely 
distinguishable. For the most part, the junction of these tissues 
rather indicates a dark Hue, of no great depth, in which the divided 
tubes are scarcely apparent This will be understood by consulting 
Fig. SOS, which shows the cnista petrona (a), dentinal tubuli (&], and 
tbe junction of the two (c) ; but trnoh h the extreme minuteness and 

I flbortoees of tbe divided dentinal tabes in connection with this tissue, 

[ that they are scarcely discernible. 
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LESSON LIV. 

THE BTBUOTUEE OF THE TEETH, CO H T P I UK P. 

S23. Eiaminod in transverse section, the priamB of en&md-fl 
well seen tliroughout their courso; tfacj are distiDgnislied by a Ecries 
p si^ of traDaverse lines &t regular intervaJa (Fig. 

309), which appear to divide the tissue into 
small squares, or dice. When the prisma are 
isolated (as we have seen), the same appearance 
appears to be caused by the transverse linos od 
their surface. On the other hand, it has been 
BUpposeii, and with probability, that these 
transverse lines indicate the several stages of 
growth of the tissue, and that, although divisiou 
of it in the direction indicated by the tines is impossible, the evi- 
dence of demarcation dehning ibj original stages of gronth, is ren- 
dered pernitment. If the surface of enamel bo destroyed, the facct« 
of the prisms are lost, as already indicated. 

824, The dentine or ivory of a recent tooth is of a yellowish- 
white color, and transparent; in a dried tooth, air enters the tuboli, 
and imparts to it a silky or satiny appearance. The dentine forms 
the walls of a case, in which the pulp is received, so that the tubes of 
this tissue have uniform contact with the vessels of the pulp. At the 
lower part of the fang of a. tooth there is a small aperture, through 
which the vessels pass to supply the pulp, and through which also the 
nerve, to be divided into a delicate looped plexus, is transmitted. 

8135. The dentine consists of minute canals, or tubuH, which 
comraenee by open mouths on the inner wall of the pulp cavity, ud 
extend through the whole substance of the dentine to the cement and 
enamel. Each tube has a wall, lees than its own diameter is sub- 
stance, which can easily be seen in transverse sections ; in longilndi- 
oal sections it is almost invisible. In life these canaht contain a 
clear fluid, but in a dead tooth the tubuli become filled with air ; and 
as air in small cavities always appears black under the miurosoope, 
these tubuli appear as so many small, delicate black lines ; but if th« 
tooth be prepared in Canada bali^am, the air is driven out of the tu- 
buli by the heat employed in making tho preparation, and the tur- 
pentine of the balsam enters them; in this case they appear as deli- 
cate tubes. 

P"*!. Tho direction of the tubuH in the dentine is rarely stn 



TBS SraUOTUBB OV THB 1 



bnt wavy ; they also present numerous ramifications and anastoDH>- 
towards the crown of a tooth they usually form an elegant 
plume, which presents a fine abject under the mi- ^.^ „,„ 

eroRcope. Each tube generally describes two or 
three Urge, besides a great number of small cur- 
ratores, which occasionally have the appearance 
of sigzsgs, or spiral windings. 

827. To ahow the connection of the three 
tissues of the teeth, and their relation to each 
other, a figure is giffen of a longitudinal section 
of a human canine tooth (Fig. 310). The euamol 
ia marked a, the dentinal tubuli, b, b, the pulp 
oarity, c, the cmsta petrosa, or cementum, d, nu'l 
thin plates of dentine, e. 

I. The cementum is a layer of true bone, 
frhich covers the lower part of the teeth, and in the 
many fitnged teeth, not unfrequeutly cements them 
«U together. The cementum commences above, 
at the point where the enamel ceases, so that the 
(dentine in a healthy tooth is never left ex- 
posed to the atmosphere. It begins as a very thin 
layer, gradually increasing in substance as it dc- 
boends, and attains its greatest dimensions at the 
lower part of the faug. "'v^c"",u!'\^«,iii!'" 

829. As bone, it may readily be imagined that Humm. 

It is the least hard of the dental tissues. Like bone, the cementam 
bone cells, with their canaliouli, together with Haversian 
eanals and vessels. The bone cells are eonspieuous for the groat va- 
riety l^ch tliey present in number, form, aD4 size, and for the unu- 
' number and length of their canaliculi (little tubes). 
)30. The canaliculi often resemble feathers and brushes, and un- 
leas the laonnse (bone cells) are isolated, connect them with each 
^Bther, and anastomose with the ends of the dentinal canals or tubes. 
A the point of junction with the enamel, bone cells are invariably 
mt ; they first make their appearance about the middle of the 
ig, but scattered and solitary. Towards the extremity of the 
their number increases, and they frequently take on a very reg- 
arrangement. 

831. In old teeth it very commonly happens that the pulp 
imes obliterated, and the pulp cavity filled with cementum; 
id in these cases the Haversian canals, laounis, and their canali- 
13 
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> more than uatuUly 



832. In the figure eoreral 

very tbin traDBror»e wctions 

of the dcDtino appear, attached 

to the sides of the pulp cavity 

(s) ; these exULil tbo tobulw 

charaoter of the oaoala very 

Dcautui iut«i. "" y|««. Batiafaotorily. 

838. Special reference is made to these thin sectiona of the tabea 

as they arc ordiuarily seen, in another figure (Fig. 311) much more 

highly magnified, indicating the tubes, and a mare crowded ceo- 

ditioa of tbem in Fig. 312. 
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THE STEOCTT^EE OP THE TEETH, COSTIHOB). 

834. In the teeth of the Dog the same tissuea, arrange 
same plan, are fomid, and prcaenl in the molar teeth i 
eating appearance (Fi^ 313). The enamel (a) h always distin- 
guiRhed by its apparent density, as compitred with the other tissues; 
towiirda the edges of the upper portion of the figure (fi), the ter- 
minal line of the enamel, and the commencemeEit of the enisis pe- 
trosa, is shown. From thia point it (cnista petrora) can be traced 
descending the fangs, right and left, to their 
tcnninatioD, then ascending, and finally form- 
la iug a junction at the centre. On the iniMi 
surface of the enamel, and crusla pitrvaa, 
the dentine is seen (e), and within this t»- 
sue the large, well'formed pulp cavity ((f). 
At the- bend, which connects the two lugs, 
the dentinal tubiili assnroe a curious asd 
very beautiful arrangement. 

S35. The molar tooth of a Cat displays 
the same arrangement of the like tissues, 
and the external form of the tooth bean 
great resemblance to the molar of the Dng 
(Fig. 314); a, the enamel; fr, crueta petrosa ; 
c, dentine ; and d, pulp eanty. 
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836. A tranaverae section of the canine tooth of a Horse pre- 

J Bents the same tiBsues under b different aspect. The section has 

\ Icen made ao near to the crown of the tooth, that the enamel forms 

a ring nearly Burrounding the dentine (Fig. 315), with the apei of 




the pulp cavity in tlie centre. Another eection of the some lootb 
(Fig. 316), mude beiow the former, showB the enamel (a) round only 
one half of the section, the other half being the crusta petrosa (6). 
Between these tissues is the dentine (c), and in the centre the pulp 
nvity (ij). A third section (Fig. 317), made still lower than the 
second section, from tha same tooth, shows an entire absence of 




F ^mel, and the crusts pctrosn (a) surrounds the section. The dcn- 

in all these sections, is very nearly the same ; the pulp cavity 

■s gradually larger from its apex to the base, but the most satia- 

wtory part of the demonstration is the number and density of the 

tone ceUe, as seen in the last figure, but which is not sufficiently 

■Ollignified to be apparent tn the representation of it. 
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837. In ft tusk of the Hog, ns seen in longitndinal section (Fig. 
318), tho enamel unvera the outer surinee — that portion which coiue« 
in contact with resisting BubEtunoea, aud within it the ivory; the 
pulp cnvitj is seen at the lower part. 

838. This u probably BtJll hotter aeon iu a transverae section of 
the same tooth (Fig. 319) ; in this view, the tooth appears to be tri- 
angular in form. The large pulp cavity occupies the oentrc, whidi 




ia succeeded by the tubes of the iTory , the enamel entirely surrnunds 
(be section. 

839. It ia reserved for the Herbivorous quadruped to show the 
most interesting and beautiful forma of teeth known to us among the 
higher aniniBls. The same three tissues are present hero, but ar- 
ranged in a different manner to meet a apecial want. 

840. These animals having uniformly to masticate grass, either 
in a dried or green state, have thoir teeth constantly brought in 
contact with large quantities of pure silica, incorporated in the 
cuticle of the grass. If the surface of the teeth were smooth, 
they would be inadequate to perform the grinding motion assigned 
to them. We know that the miller requires to have the surface of 
bis mill-stones hacked into cavities to form a grinding sur&ce, and 
this ia precisely the want of the herbivorous quadruped in relation to 
the surface of ita teeth — they must not be flat, but hollowed oat into 
unequal oaTities. To meet this imperative want, the tiames — enamel, 
ivory, and hone — are all arranged on the aame plane. 

841. Examine the crown of the molar (grinding) tooth of a Cow 
or a Sboep ; its Rorface will present a serlea of ridges standing up 
above the other tissaes ; next to these are inclined planes of a differ- 
ent tissue, desoending ftom the ridgca to large, hollow, unsightly 
cavities lying at their base — evidently another tissue. 

84'2, Now it mnst happen that if flint be brought constantly in 
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contact with enamel, irory, and bone, lying bceiile each other, thej 

vill wear unequally; the aoftvst (the twoc) will cut the fastest, aud 
form the deep hollowa described ; the ueit id hardness, the ivory, 
will weur lesa thun the bone, but more than the enamel ; and la£tty, 
the enamel, wearing but little, will form the high ridges described. 

843. Bat tliis is not all ; to render the inequalities certain and 
constant, there are three systems of enamel in the grinding teeth of 
the upper jaw of the Cow {a, a, a, Fig. 320), and only two in those 
of the lower jaw, so that enamel 
never opposes enamel ; by nil 
these contrivances the teeth must 
necessarily wear unequally, and 
always present a rough, uncv-uu, 
grinding surface to the food. 

844. To show the arrange- 
ment of the enamel of a molar of 
the upper jaw, a figure (320) is 
given, but slightly magnified. 
Crusta petrosa {b) is found sur- 
rounding the tooth ; witliin this 
a layer of enamel (a), which 
passes irregularly ronnd the outer 
BurJace; nest to this ia ivory, to 
which succeeds crusta petrosa, on 
the other side of which ivory again appears, to he bounded by the 
enamel. Take a given portion of a tooth, and the arrangement of 
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the tissneg will be invariably as follows : cruata petrosa in tbe centre, 
bounded on each side by ivory, which always adjoins enamel ; cnuia 
potrosa and enamel never oome together (except on the onter sor- 
faca) i they are always separated by tie ivory. 

845. These facta arc well illustrated by a figure of the grinder 
of a, Sheep (Fig. 321) ; here the enamel (a, a) is consUntly seen in 
coonection with the ivory (fi, b), and inside of this the cmsta petroaa 
(■7). The elegant wavy form of the dentinal tnbuti renders tLis a 
very charming object for the roicroHOope. The crusta petrosa (more 
properly called ceinentum in those teeth, as it performs the office of 
a cement to the other Uasuea) forms, in many instances, little a 
than a line in the centre of the ivory, yet quite Gufficieni fi 
nesB to be felt, and the required hollow to be formed. 
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846. In the Rodentia, the form of the teeth is very inlfirottlflg ' 
the enamel in the largo, curved incisors, is always found npon the 
opposing surface (front) alone. These teeth, in every member of the 
class, are constantly being pushed, as it were, from behind, forwards ; 
in other words, continually growing; and to gnaw, from which the; 
acquire their name, is in them an imperative necessity, to kcop these 
teeth in check, and reduce them within usable limits. Were Bats, 
Mice, Rabbits, and their kindred, not to keep their ever-growing 
teeth well cut down, by gnawing hard Buhatanoes, by which the teeth 
wear considerably, they would soon be unable to use them on legiti- 
mate food, and die of starvation. 

847. If a Jlat, or Rabbit, chance to break one incisor tooth, the 
opposite tooth fails to oppose it ; the consequence is, it continues to 
grow, and forma a perfect ring. The broken tooth also grows, and 
having attained its ori^nal length, and finding no opposition, also 
forms a ring. 

848. To obtain such illustrations for Museum purposes, to show 
the ever-growing nature of such teeth, one of them has frequently 
bften designedly cut with a fine saw, or wire-nippers, to procure 
specimens of the curled, or even double-curled teeth ; such examples 
are common in European Museums. 
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849. A figure (3'22) of a loDgitudinal teotlon of the iQcisor of a 
Babbit 18 given. The tiDamel (a) forms a ohisel-ahaped outting 
iDBtrument at the apex of the tooth ; within thu point, the crusta 
jietrosB (£] forms a very dclicuto line, which is coatinucd along the 
inner surface of the tooth ; within this tissue, and the euamcl, is the 
dentine (c), and in the centre of it, the pulp ca?ity (d). 

850. A transverse acctioa of euch a tooth (Fig. 323] is very in- 







Btnictire ; it is somewhat trian^lar in shape, the front being par- 
ticularlj flat, while the eides recede, and are rounded at the back. 
The enamel [a) occupies the entire front, and for its security em- 
braces the comers, and is gradually lost at the sides ; here the oruata 
petrosa (£) begins, and completes the outer wall of the tooth. As in 
the former illustrations, within these tissues is the dentine (c), and 
in the centre the pulp oavity (d). 

851. As far as the alternation of tissues is conoenied, the molar 
teeth of the Kodents are formed on the same plan as those of the 
herbivorous quadru- j.|„ 3.24 

ped, the arrangement 
being, however, some- 
what different. 

852. A figure of a 
Babbit's molar tooth 
is given in Fig. 324. 
In preparing these 
teeth, they almost in- 
variably break into 
four pieces, in consoqaeuce of the brittleness of the ornsta petnMa, 
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Anil such &n kccidont befell this illustrtitioa, bat wbich vas mine- 
([utiitly repaired. Here the enamel forma partly the outside of the 
toolh, but a long, tortuoua, zlguig portion o^Uo runs through the centre 
(a, aj. The arrangement of the enamel naturally divides the tooth 
into four portioDs j within each system of enamel is the den 
(b, b), with pulp cuvities (c, e) iu the centre. In addition, 
ever, is a layer of crueta petrosa (d, d), which forms the bon 
union, or cement, by which thti four distinct portioutt of the tooth M 

853. By far the most curious a 
is the molar tootli of the Musk-mt 
is long, and formed of n rcdiiplicatioav 
pui'U, witli the exception that the enamel b f^ 
tiuuous from one end of tho toot^ ti 
boimding the outer aurface, and penetratingj 
various sisuositios. Everywhere within j 
enamel is the dentine, and, as in other Rodd 
the crusta petrosa lies ia the centre of the in 
Cavities formed by the curious direction taltqj 
the enamel, are filled up with crusta petros 
the double purpose of cemectiug this c 
tooth firmly together, and for preserving I 
forming the outlines. A fignre of this too^ 
given (Fig. 3-J5); tho enamel {a, a] is i 
everywhere surrounding the dentine (b), h 

TruuvoTj^-rrM^u nmkf, centre of which is the orusta potroM («J 
which, filling up the external cavitioa, b I 

at d, d. If the seotioa be made low enough from the eurfaoe,! 

pulp cavities appear. 




LESSON LVII. 

THE BTEOCTURE OF THE TEETH, CONCLTOED. 

S54. The teetb, hitherto examiocd, have presented all the tissnet 
chsraoteriBtie of these orgaiw in the higher animals, Bubjecl to a varied 
disposition of the order of arrangement. Teeth are liable to de- 
generation ; to a loss of tissue, uud to a much altered form of the 
tissue that reraiuns. Of all these structures enamel is found to be t&e 
least constant, and, when absent, its place is supplied by a c 
(ivory) of superior hardness. 
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855. In the class of Reptiles, ihc Opliidians (Serpents) &ro cn- 
>tbely destttut« of eaomcl, and the same remark applies to nearly 
1]i6 entire class of Fishes. In the latter, the dentine aiisumea new 
oh&r&cters ; in some Fishes the dentinal tubuli have their origin from 
vaaetilar canals, hence such a. tissue is called vaao-deiitme ; and in 
Other fishes the medullary canals are wavy, irregular, and prone to 
KUastomose (join), and ia usually covered by a hard dentine ; tiua is 
called osieo-deniine. 

836. The teeth of the PHatia (Sawfish), and the Myliobatu (a 
Bay), well display tho vaso-denttnal structure, and as such have 
been selected for illuatration, 

857. In the Pristis the vascular canals arc large, and remarkable 
for their parallelism ; the tubes that arc given off from the centre of 
the tooth, arc large in size, and few in number, but those canals 
which approiimate to tlie sides, give off a dense plcius of fine tubuli. 





distribuic-d to the sides and crown of the tooth, and forming the 
vosu-deDtiuc. This ia shown in Fig. 326 ; tho vascular canals (a) 
are seen iu the centre, giving off (comparatively) but fen tubes. 
The lateral tubes {b) distribute the great plexnses of fine dentinal 
tubes to the crown and sides ; there is no pulp cavity in this tooth. 

SoS^. The vascular canals of vaao-dentine cuu only be well seen 
in longitudinal sections ; for this purpose such a section is given 
of the tooth of Myliobatia (Fig. 327). Here the vascular canals 
[a. a] are of great siEe, and, as is usual in this form of tissue, 
parallel to each other ; the dentinal tubuli (6, i) are given off in 
remarkably rich clusters of beautiful ramose tubuli, presenting, under 
the mtcroecope, a very fine appearance. 
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869. Bat the extent of the ramified tubolt must be eonght for in 
a transTeree Bection, a figure of nbioh is given (Fig. 3^8) ; in the 
centre is aeen the seotion of the vaacular canals, and the tnbuli cuming 
off in profase plexuses ; the tissue which separates the vascular 
OADaU and dentinal tubuli, is a thin layer of cementimi. 

860. A fossil Shark's tooth (Fig. 329) abows the structure of 
osteo-dentinc very EBttsfactorilj, and, to add to the beauty of the 
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preparation, as seen by the tnioroscope, the blood contained in the 
oanals retaining its original color, is alijofnssiliied I 

861. Here the CBDals (a) are seen to be wavy, and anaslomodng 
very freely ; the chief distribution of the dentinal tubuli b to the 
Bides and crowu (h), aa in the Pristia and Mjliobatis. 

Another fine eiample of osteo-dentine is met with in the teeth of 
F„i aiiv fhe Maikanongf, call- 

ed geiie rally Musca- 
!on/fe. It is a tnuU' 
virse section (Fig, 
,S:iO), and ghows the 
aitiastomosing charaO' 
ter of the vascular ca- 
nals very eatisfaetorily. 
Near the outer tuar^n 
of the tooth a oanal 
TriniviirM6Cdti.iniif i™ib, MiiscionoD. appears to run nnmd 

it, from whence tlie great distribution of osteo- dentine comes oS. 
In the central portion of the Bection these tubuli are seen anasto- 
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moaiDg very freely, and contribute to give a fine appeoranoe to the 
section. Tbo distinction, then, in the tiaaaes of the teeth of Sahes 
ia, that in vaso-dentine the Tasoukr tabes are parallel, vrhereaa, in 

OHteo-dentine, thej auoBtomofie. 
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862. In the'human subject, us in all the higher mammalia, there 
are three pairs of salivary glands ; these ure the parotid, submaxU' 
laiy, Had sublirujual glauds. 

863. The parotid gland (in man) is the largest of the three pairs, 
and, aituate immediately in front of the externa) car, extends saper* 
fioially for a ahort distance over the maeseter muscle, and behind the 
ramus of the lower jaw. 

864. The subraazillary gland is situated in the posterior angle 
of the Bubmarillary triangle of the ueck. 

865. The sublingual is an elongated aod flattened gland, Bitnated 
beneath the mucous membrane of the floor of the mouth, on each 
lide of the frenum (bridle) of the tongue. 

866. In structure they areconglomerateglandBjCoaeiBting of lobes 
-which are made up of angular lobulea, and these of smaller lobules. 

867. The smallest lobule is apparently made np of granules, 
vhich are minute ececal pouches, formed by the dilatation of the 
extreme ramifications of the ducts. 

868. These minute ducts unite to form lobular ducts, and the 
lobular ducta constitate, by their union, a aingle excretory duct. 

869. The above deacription of theae glanda applies 'ery generally 
to the animals in which they are found. 

870. It is not a little remarkable that theae three paira of salivary 
glands are all f6und In the class of Reptiles, but never in the same 
individnal ; one animal possesses the parotid ; another, the sub- 
masillary ; while a third has only the sublingual. 

871. Food received into the mouth is given at once to the griod- 
faig teeth, for the double purpose at being thoroughly comminuted 
mnd insalivated. One pair of the salivary glanda (parotid) haa its 
evaouatiDg duct on the inside of the cheek, opposite to the second 
molar tooth of the upper jaw, and the action of the jaws, in the act 
of mastication, uot only compels the descent of the saliva in copious 
streams &om these, but Himultaneously from the other glands. 
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872. The salivary gUnds, and their secretion, appear to be « 
much alike, tbul it has been difficult to say whether they allj 
Crete a fioid poBseBsing the sums chemical properties or iiot. 

873. But reasoniog from analogy of the effects produced bn 
mali posseBsiug some of these glauds, to the exclusioii of t 
ODQ woald incline to the belief that each pair of gluuds poaee 
differetit chemical properties, or, perhaps, that two pairs of thvm pos- 
sess properties distinct from the third, and that the combioation of 
the whole is necessary to the production of the required effect. 

874. Mastication of the food, the first act in the process of di- 
gestion, is, at the same time, the most important one. If it be per- 
formed in a hasty, a! oven ly manner, dyspepsia is the unfailing result; 
those persons who liave once aceustomed themselves to consume their 
food, dispensiog with this preliminary process, never can recoror the 
lost art, and sink into an early grave, the victims of snicide. 

875. The saliva appears to poaseaa three most important proper- 
ties : firstly, it destroys vitality in all animal and vegetable matter ; 
secondly, it loosens the tissues, thereby preparing them to reeeive 
the saliva itself, and ultimately to admit the gastric juice ; and 
thirdly, it mechanically softens and dilutes hard or dry food. 

876. When a Cow fills her paunch with grass, she places there a 
large amount of living vegetable material ) lying in that organ, or 
transferring it to the second stomach, no way affects its vitality, bat 
when thrown back into the mouth, and it comes in contact with the 
saliva, then it instantly dies, and becomes materially altered in ap- 
pearance. 

877. Examine the contents of the first throe stomachs of a Cow, 
or a Sheep; in the two first the food is evidently living grass, but 
in the third it has the appearance of a thoroughly well-boiled vege- 
table — more nearly allied in color and appearance to spinach, and, 
as yet, it has only come in contact with the saliva, which must ba 
held responsible for its changed condition. 

878. Arrest a caterpillar in tho act of eating the leaf of a cab- 
bage ; kill it instantly, open its crop, and examine the leaf you nw 
it consume but a minute before : it will have lost its bright green 
color, and be reduced, in every respect, to tho appearance of the 
grass in the third stomach of the Cow. As it cannot have comeiD 
contact with any other material tlian the salivary seoretiou, it is 
surely justifiable to attribute its altered appearance to the actios of 
that fluid. 

879. When man eats raw, ripe fruits, he eats Uvbg vegetal 
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Mad if lie put them into bis Btomacli in that state, there they will 
mnaiti, for no stomach has the power to destroy the vitality of any 
tliitig, as, if it had, aaanrcdly it would destroy and digest itself, a 
contingency that always happens in death. Nothing is more com- 
mon, at post-mnrtem examinations, than to find that a portion of the 
atomach has actually thus aoted upoo itself I 



LESSON LIX. 

THE SiLIVART GLANDS. CONCLDDED. 

To show the universality of this particular chemical prop- 
erty of destrqjiug life, let as see what takes place amongst the lower 
Bulk for bulk, weight for weiglit, can any thing exceed the 
^in of a Mo8C£uito bite, to say nothing of the long-continued after 
aoQBeiiaences ? 

881. What giveb rise to this extreme suffering ? Surely it oan- 
'Ut be the insertion of its tubnlar sheath and tiny jaws, because if 
the flesh were stabbed at the same time with a dozen large stocking 
veedlea, the pain would not be nearly so great, and the wound would 

heal. When a spider bites a fly, why does the insect die 
instantly, and its body swell up prodigiously ? 

882. If a rattlesnake, or other, so called, poisonous serpent, bite 
lan, why is the wound almost universally fatal ? 

883. If a Dog, not rabid, bite a man, or if a Cow, Horse, Hog, 
Baccoon, Fox (and many other animals), do the same thing, or if ons 

hite another, why, in any, or all these circumstances, should 
ttie bitten person be liable to Hydrophobia ? 

884. To these questions, which might be greatly extended, there 
b but one answer, namely, that the person bitten has been in every 
hstanee inoculated with the saliva of the other animal, and that one 
flf it8 chief properties is to destroy life. 

885. To them, and to us, it is a natural seoretioD, and bo harm- 
I is it, under some circumstances, that a man may drink any 

i^uBUlity of the poison (saliva) of a RatiUsitake, and it will have 
Sone other effect than to help him to digest his food ! But if in- 
mnlated into the circulation of the blood, it becomes a virulent, a 

86. Who can doubt that, if a Moaijuito were a* large as a good 
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Bleed dog, its saliva would be u imiiiediat«]y and certaiul; f&Ul as 
the bite of a rattlesnake f 

887. The pain that ve ehare with domestio and other oikimaiR, 
from the bite of parasitic iuscots, is solelj due to this cause— iuocu- 
latioQ by their buUtil 

888. The dlviaion of the aalivarj glanda amongst the reptiles 
would appear to throw some light ou the fiiuotiOD of each, or oert«inl^ 
some of tbeui ; thus : the poisonous reptiles possess oolj' parotid 
glands, the secretion of wLlcb desceuda bj the channels of the fangs 

of the upper jaw (Fig. 331, a) ; the use tbej make of 
them would seem to establish the function and proper- 
f these particular glands. 

^9. The Boa Constrictor {Pytlion tigris) has no ■ 
parotid glands, neither can be destroy his prey by ■ 
bite, but he entwines his body around hxs victim, nod 
kills him, us a bear would, by an embrace. But wtiat 
' is now to be done ? he has no grinding teeth to enable 

bim to insalivate the food and loosen the tissues, by partially decom- 
posing the body of the goat he has killed, and so prepare it for the 
action of bis stomach ; in other words, bow can he perform the im- 
portant function of insalivatiag it ? 

890. He does it in this way : he lieka it aU over, and wherenr 
the tongue, covered with saliva, touehes it, the flesh becomes almost 
rotten under its influeaca. 

891. Now, as it is well known that persons have been bitten by 
e. rabid dog and escaped hydrophobia, whilst other persons have been 
bitten by sound and healthy dogs and yet this fearful disease has 
supervened, how is this to be explained, unless wo admit (he differing 
chemical property of the salivary glands respectively? 

802. If the teachings of the rattlcsnoko and the boa constrictor 
have any practical value, it would appear that the parotid gUnds 
alont possess the power of destroying life, and that the secretion of 
the other glands can only bo employed upon already dead matter, to 
effect its speedy decomposition. 

893. If this theory be true, it is very easy to explain the bites 
and their consequences of the two dogs : in the case of the rabid dog 
whose bito proved innocent, the saliva of inoculation may have 
come only from the submaxillary and suMingual glanda, and con- 
sequently it was harmless ; whereas, in the case of the sound dag, 
the saliva came from the parotid glands, and was therefore fatal, 

894. This view is sustained by the following ooosiderationa : the 
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^uctB of the p&rotid glands arc eUaated, u( we have seen, in immedi- 
ate proximity to the molar teeth, and the secretion ia only evolved 
by their action; the probability is that the incisor teeth, used in bit- 
ing, and the interior of the month, are uBuully lubricated by the se- 
cretion of one or both of the other pairs of gUnds, whilst the parotid 
glands arc reserTcd for mastication alone. 

}9t>. Whatever light chemistry may throw upon this really im- 
portant question, remains to be seen, but Comparative Anatomy, the 
only sure guide in the settlement of abstruse and difficult subjects 
of this kind, would appear to settle it conclusively, that the secre- 
tion of the parotid glands affects solely the vitality of all tissues 
presented to their action; and the accretion of the other glands has 
the power of rapidly decomposing or disintegrating tissues abeady 
dead. 

896. Tho third function of tbe saliva is no leas important, name- 
Ijr, to dilute or moisten dry food, and is common to all these glands. 

The blood of man and animals is too rich and thick to be coo- 
Kuned in its natural state by parasitic inaccts ; and the motive they 
have for pouring their secretion liberally into the wound they have 

"b, is twofold, — one to destroy the vitality of the blood, a func- 
tion their stomach caouot perform, and the other to dilute it, to 
nake it thin enough to be pumped up with ease, 

897. In insects, tbe anatomical position of their salivary glands 
does not appear to warrant the opinion that they, at least, possess 
puotid glands; but the life-destroying character of the salivary se- 
cretion in all the predaceous, carnivorous, and parasitic tribes, in ad- 
dition to the same exhibition in all those insects feeding upon living 
Tegelsble matter, too clearly points to the function and character of 
llie parotid secretion, notwithstanding the situation of their glands. 

i98. And why should it be necessary for such insecte to have 
two, and frequently tliree pairs of snch glands, if they all possessed 
tbe BBme capabilities ? From this circumstance alone, it would ap- 
tbat the function is divided ; that one pair of these glands baa 
Ibe power of destroying life, and the other pair (or pairs) of decom- 
posing organic matter already dead — both these processes being essen- 
lul to the ultimate digestion of the food. 

iD9. In the Xepa (water Scorpion), there are three pairs of sali- 
Tary glands — three of them Ij'ing on the right and three on the left 
tide of the body. One pair of these glands possesses a distinct outlet, 
and from the effects it produces by inoculation, entomologists have 
long ago concluded that these especial glands secrete a poisonous 
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fluid. Is it not much more probable that they are, in fanction, parotid 
glands? 

900. To show the difficulties that surround this question, it maj 
be well to remark, that in the Calf, when cooked, all these glands 
taste precisely like the (so^alled) sweetbread, and have the same 
general appearance. 

901. The organ called by butchers the '' throat-sweetbread," is, 
in reality, the submaxillary gland ; and the '' heart-sweetbread " is 
the Thymus gland, which is always of great size in young animals. 

902. The true sweetbread, or pancreas, is never eaten. 
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LESSON LX. 

THE PBOPEBTIES OF THE GA8TEI0 JUICE AND MUCUS. 

903. If we eat a dry cracker, we cannot swallow it until it be 
moistened with the saliva; and the same thing takes place with 
Cows and Sheep, when they are fed upon dry hay. 

904. When food that has been properly insalivated, reaches the 
stomach, it is destined to come in contact with two other elements, 
both of which, so far as experiments on artifical digestion have ex- 
tended, are imperatively necessary for its final resolution into chyme. 
These are, the weak acid, known as gastric juice, and mucus; and 
without the combination of the two, in their full integrity, there can 
be no healthy digestion. 

905. From the chemical composition of one of these agents (the 
gastric juice), it must be evident that those persons who habitually 
drink much water, must necessarily impair the function of the stom- 
ach, as they thereby dilute an already weak acid, until it be power- 
less ; in fact there can be no doubt that the practice of water-drink- 
ing to excess is as much a vice as the too frequent indulgence in 
strong potations, and leads to precisely the same consequences — 
death. 

906. Moreover, water taken in large quantities with a full meal, has 
another very bad effect : when there is food in the stomach to digest, 
the capillaries, previously nearly empty, are turgid with blood, which 
has been withdrawn from the surface of the body and the limbs, to 
meet an immediate, special want ; cold water thrown upon this, ex* 
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cited capillarj Burfacc, at once represses this circulation, ftnd drivra 
it back to its former channels. The blood has been summoaed to 
tbe Btomacli, at the time it is specia,lly needed, to suppi; the neces- 
sary pabulum for the secretion of mucos and gastric juice, neither 
of which is kept " on Bervioe." Once driven back, what is to be- 
oomo of the food, how is it to bo digested, when the material for 
preparing the solvents for it has been sent awaj ? 

90T. Water containing much lime in solution is altogether unfit 
to drink, because dangerous. Tbis earth is eliminated by the kid- 
neys, and passed in the solid form to the bladder, where it concretes, 
Knd forma calculi, which can only be remoyed by the most painful 
And dangerous operation known to surgery. 

908. Boiling such water has the effect of precipitating the great 
excess of lime, but too much remains to render it desirable to use, if 
it can bo avoided. For comfort sake, and to have perfect immunity 
from thirst, the leas people drink of any thing the better; a moderate 
quantity (two cnpa) at breakfast, and the like at tea, are all that 
nature requires, and any one can soon become aecustoroed to this 
kind of moderation, by which the soundness of the stoniach and the 
general health will be greatly promoted. Such persons are never dys- 
peptic, and never know the sensation of thirst, under any circumstances. 

909. The tubes which secrete the mucus lie in the submucous 
(gu£, under, beneath) tissue of the stomach; they are surrounded by 
the capillaries, which are going to form the capillary plexuses of the 
Bmcoua membrane. These tubes open upon the floors of the gastric 
oeila of the stomach; their number is variable, but they average 
from five to nine tubes in each cell. 

910. A delicate distribution of capillaries vrith wide meshes runs 
around the tubes, and these are the vessels seen in those cells, pre- 
Benting the most open surface, by which stomach may be discrimi- 
nated from large intestine. 

911. There is much obscurity surronnding the origin of the gas- 
trio juice; some authors supposing that it is secreted by the vessels 
of the mucous membrane of the stomach, but wc now know that the 
atomaoh, in Its submucous tissue, is literally filled with glands, hence 
called gastric glands ; these all secrete a fluid, and while some of 
tJiem are known to secrete the true gastric juice, the function of the 
remainder remains to be discovered, 

912. These glands are not so well developed nor so conspicuous 
in man, as in other animals, and two views of them are selected, one 
iioja the Bog, and the other from the Calf. 

14 
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913. In the pyloms of a Dog, l&rge glanda (Fig. 332) eusl, 
lineil with cyliader epithelium (a), and terminated by coBcal appeud- 
ages (b) ; the body of the gland is shown at c. 

914 The gastric glands from the middle of the etotnach are those 
nhich secrete the gastric joicc ; the function of those of the p 
is not knotm. 
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In the fourth stomach of the Calf thei^e glands are pnrticalarlj 
numerous, a portrait of which is given in Fig. 333. Like the gw 
tric glands of the Dog, these also are lined with cylinder epitlielhni ; 
there is an absence, however, of ccecal appcndagos at theii t< 
ttoD, which becomea attenaatcd. 
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SLTBITION DJ MAN. 




915. Before proceeding to describe the organs which, by their 
united action, form the nutrimental system of Man, it will be desirable 
to Btato briefly and succinctly the progressive order in which they are 
used, and the particalar (bnction delegated to each to perform. 

916. The teeth may be divided into two chief kinds : incuor (or 
incision) teeth, placed in the front of the npper and lower jaw, their 
function being to primarily cut or divide the food ; having done this, 
it is directly transferred to the second order of teeth, — the nutan, 
or grinders, whose fouotion it is to grind and subdivide the ft 
much as possible. 
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917. During tlic time tbe molars are thus employed, the Baliva 
am the parotid glands is abundantly poured out from its ducts, 
wbioh optiD opposite to the eecoud grinder, and in the meanwhile the 
Beoretion from the other two pairs of galivarj glands oomminglea 
with the first, and tlius the food becomes thoroughly insalivated, 
whereby ita living principle is destroyed, and incipient decomposition 
induecd. 

dlS. During this time the tonguo is not idle — its busineas is to 
turn the food so that every surface of it may be presented to the mo- 
lar teeth; neither is this all, for the tongue conveys the food from 
the molars on one side of the moutb to those on the other side, and 
I this first and most important operation is completed, tbe 
tongue conveys the food to tbe fuunel-sbaped cavity at the back of 
the mouth, called the pharynx, from whence it is passed to the ceso- 
pbagus to be conveyed to the stomach. 

1)19. The tongue is used by man in snctioa; tbe Canine and Fe- 
line roocs employ the tongue to lap fluidfl; the Giraffe twines tbia 
organ arotmd the leaves and brancht " ihem 

witb force. The Ant-eat«rs have a 
lemartably long tongue, covered 
' vith a slimy secretion ; this they pro- 
trude, and upon it entrap their vie 
tims. The Cameleon among reptiles 
■nd the Woodpecker among birdd, 
liBvo each a tongue enormously dc- 
Teloped, for the purpose of prehct 
mon. 

It has been already stated that 
le human tongue, in common with 
tike like organ in other animals, pos- 

m three distinct kinds of papilta3 ; 
this will be best understood by oon- 
;aulting the subjoined figure of tbe 
1 tongue (Fig. 334). The fili- 
ftrm pnpillm are seen at a, the tungi- 
Jbrm at b, and tlie oireumvallntse a 

That the filiform papillee are er 
dowed with the sense of taste is eer- 
ain, from the fnut that the gnstnto] 

si vely distributed to them; the precise function of the other 
papilla is obscure. The white spots at the upper portion of the 
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tongue, ahme the ciromn rails te papUIse, indicate the macos-crypu 
of Leiberknhn, which are abundaut in this situation. 

920. Tlie iBBOphagas is provided with two layers of muscles ; one 
longitudinal, the other traoflverse. 

921. By their united action the food is eonvejred to the etomach, 
and delivered to what is called the cardiac orifice. 

922. In form the BtomacL very much resemblea the bag of a bi^> 
pipe, to which it is generally compared. 

923. It 





coats, an internal mm 
tnuEcnlar, and an estereil 
rous coat derived from ihc 
peritoneum, or the n 
which lines the moscleB of£ 
abdomen. 

924. A figure of t 
ternal form of the stomi 
given (Fig. 335) ; the aaOfitf 
aguB (fi) enters the stomach 
at the cardiac orifice; the 
constriction at the other extremity marks the pyloric valve (i) ; and 
the first of the email intestines, the duodenum, oommeuoea on tie 
other side the pylorus (c). 

925. As soon as the food reaches the stomach, it oomea in cOD' 
tact with agents which esert a chemical influence upon it; these arc 
the gastric juice, and mucus. Stimulated by the presence of foodi 
the muscles are in incessant action, constantly contracting < 
moving it from side to side, literally churning it. 

926. The combmed action of the heat of the stomach, tho^ 
cular action, and the solvent power of the gastric juice, aided 
peculiar influence of the mucus, rcilQces the food to its elemi 
dissolves it into a pulpy Btat«, called cht/me. 

927. In this form it makes application to pass through t 
lorio valve, and if there bo no solid particles, it is permitted so tO 
do ; but undigested matter is sent back again to bo thoroughly re- 
duced before it can be allowed to go through the valve into the duo- 
denum. If, however, the food chance to be of an unhealthy or in- 
digestible character, the stomach soon oasts it out, in the same fW» 
that it entered the organ, and proceeds to act upon what may n 
of a better character. 
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928. Wben it reaohea the inteBtiae, the chyme ifl subject to new 
influenza ; the Liver supplies ita bile, aud the panoreaa (or sweet- 
bread} the paDcreatio juice, aad by their means the chyme becomes 
changed into chyle, or new blood, which is to oircnlate throughout 
the body, to reoew wasted material, and to promote growth. 

929. When formed, the chyle is white and railk-like, and is asso- 
ciated with innutritions materials ; from these it is separated, firstly, 

the duodenum, and what then escapes is subBoquently constantly 
being separated throughout the tract of the small intestines. 

930. But the chyle is not blood; it docs not yet possess the ne- 
eeasary requirements of that fluid — it has no life ; it wants, in fact. 
Mother element, oxygen, and must go to the lungs to obtam it. 
For this purpose the villi of the small intestines are provided with 
oertun tubes, or canals, called laoteaU, from lactn, milk, and it is 
their duty to take up or removo the chyle, stitl white, and convey it 
Upwards to a reservoir in the chest called the thoracic duct; thencu 
to the heart, and finally to the lungs, from which latter organ it is re- 
turned to the other side of the heart (the left aide), of a beautiful 
bright vermilion color, endowed with all the properties of new blood, 
ftod forthwith to be distributed by the art«riea to all parts of the 
body, for the purposes of nutrition. 

9S1. The injected preparation of the mucotiB membrane of the 
atomaoh of the human subject (Fig. 330) 
is a magnificent spectacle ! Here we 
have a dense arrangement of boneycomb- 
like celU, the walls of which arc formed, 
not of a single capillary as we have hith- 
erto seen, but a plexus of very delicate 
vessels. This particular arrangement is 
only met with in the mucous membranes 
of mtiQ, and the monkey ; in all other ani- 
mals single vessels form the cell walls ; """^ "stonucii*, ° 
by this sole characteristio the human stomach (or monkey) may be 
readily known, 

932. The commencement of the duodenum, soon after its junc- 
tion -with the pylorus, abounds in glands, known as " Erunner'a 
ghujda," from their supposed discoverer ; in truth, however, these, in 
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a witU the remtkinder of the iatcstiual glaada, were really dU- 
corered by Peyor, who describes them as being " as numerous as the 
stars in the firmatnent of licaTen." 

933. These glands lie, not in the muoouB but in the submncotu 
tUaue, where they form a contiDuous lB3rer of whit«, flat bodies, of 
irregnlar siie,BiUTOUDding the whole intes- 
tine. Each gland consists of uumeroiu 
minute lobules, of which the ducta (a) 
open into tbe mucous membrane of die 
intestine. A figure of these glajida is 
given (Fig. 337). 

934. The villi of the dnodenum (Fig. 

338) are usually larger and broader than 

those of the Jejunum, and are rcm&rliable 

for the possession of a, large vessel in the 

; throughout the small inteHtines, at the bases 

: the mucus-crypts, or folli- 




'-> gltnda. 



oeotre of each villus 

of the villi, and surrounding them, 

clea of Leiborkuhn. 

935. They appear like so manj' minute boles upon the sur&ce of 
the mucous membrane ; examined by disseotiou, they arc found to h« 
long, narrow, deep tubes, or cavities, giving the idea of a villus 
pushed into the mucous membrane, and inverted, like invertiog ihn 
finger of a glove. In life these gtands are filled with a clear, fiuid 
secretion, called the inUsHruU juice. 




936. In the human jejunum the villi and Leiberkuhnian fbflj 
are well seen (Pig. 339) ; it will be readily perceived that, by! 
arrangement of these follicular glands, the surface of the mnw 
membrane is thereby greatly increased ; where there is not room for 
another villus, there is yet room for a series of minute apertures »t 

937. The villi of the small intestiues contain in their interior 
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oortain vessels, whose fimctioD it is to ab.wrb tbe nutriment and con- 
vey it into tbo circulation, to supply the blood positively lost by the 
lus glandular bodies, all of which hare secreted or formed eome- 
thbg from it; tliese aro the lacteab, already referred to. 
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38, The precise relation of the lacteab to the villi of man, has 
not yet been determined, owing to the difficulty of meeting with villi 
distended with chyle ; but in the lower aninmls wo can feed, and sub- 
aeqaently kill, at any required moment, a Dog, or Cat, &c., and at 

proceed to make the necessary examination. 

t39. These vessels appear to be much larger than capillary blood- 
Tcssels, and one only ia fomid in a villua which traverses its cen- 
tral axis, and terminates in a ccecal, or enlarged end. 

940. But Low docs the chyle get into the lacteals ? This b a 
very difficult question to answer, and one to which ao satisfactory re- 
ply has yet beea pven. Many theories have been advanced, but no 
uthenticated observations have as yet been published. 

941. Some investigations made on this subject,* bat not yet 
given to the world, lead to the conclusion that the apices of the 
villi open, and that the chyle is received directly in at the enlarged 
termination of the lacteals ; it must be conceded, however, that this 
fiict is very difficult of verification, for the tissue, when first seen, is 
covered with a deep layer of mucus : the epithelium at tlic summit 
of the villi, is, like the organs themselves, porrect (standing up], 
knd worse, it so soon dies. The only favorable circumstance in con- 
nection with a transient glance is, /Ae uprightneaa of the villi, so 
that the spectator looks dowu upon and readily peroeives their open 
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moutlks, but wuAi exporiraents need coofirmatioa at tbe hands of ol 
QbservGTs, before thej can be received ils true. 

942. The human Ileum is chiefly remarkable for the nombc 
solitary oad agmooated glands there found. The fonuer arc in 9 
respect like the latter, except that they are scattered amongst i 
villi singly, instead of being grouped in masses. 

943. Theae glands are rounded, flattened organs, always found 
along that surface of the intestlno which is opposite to the mesen- 
tery. The " Peyer'a patches " of these glands increase in siie as 
they approach the c<ecura, and attain their greatest dimensions just 
within the iliac portion of the valve which separates the ileum fr om 
the coBcum — ilio-cceca! valve, 

944. Each gland of a Pcyer's patcb ia ronnd, somewhat i 
pberical, but slightly flattened at the top ; no vessels have beeni 
tect«d in them, esoept m the preparation of the Calf (Fig, 3W 
vhere, it is supposed either that the gland was in some peculiar con- 
dition, or that the form of injection used (Bi-chromate of potaab) 
ran more minutely than usual ; most likely the Utter. 

945. They contain a thickish gray matter, with wbicb thai 
but little fluid, and a number of nucleated cells, of round fom 
gethcr with an abundance of free nuclei A figure of the aggreguB 
glands (Fig. 340) is given ; the glands are seen at a, and the villt of 
tlte intestine at b. 

946. These gknds are particularly liable to take on disease in 
I-, . i,,, typhoid fever, and patients are frequently con- 

valescent of the fever, and yet die of Typkoid 
Peyerian glands. When this disease superveo 
the glands firstly ulcerate, and subscqin 
T, destroying at last the walk of tl 

testine — v^ina ^ 
patient dies. 

A figure of 
typhoid Peyerian 
glands, copied frota 
a preparation, is 
here given, (Fig. 
341.) The healthy 
villi of the inUs- 
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tine ore seen at a; 

at their bases lis 

the follicles of Lciberkuhu (&), whilst a large 



13.] 



NIJTEITION OT MA». 



hite in the preparation) shows where the glands of Peyer have 

In phthisis these glands are liable to become the seat 

of tubercnlar deposit, and also of an ulcerative process, whence re- 

, suits the diarrhms, so troublesome in that disease. In Asiatic chol- 

:ja they become greatly enlarged from the accumulation of granular 

, matter in the vesieles. 

Brunner'a glands are remarkably free from tendency to dtsesae, 

947. The mucous membrane of the large intestine in man, as in 
other onimala, bears a close resemblanoe ^„ m, 
to the Illie tissue of the stoiiiach, but iu 
man (and the Monkey) again we find 
that a delicate plexus of capillaries, not 
«ingle Tessels, forms the boundaries of 
the cells (Fig. 342). 

948. Solitary glands are abundantly 
found in the large intestine ; they are of , 
large sizo, and exhibit a funnel-shaped 
cavity (see Fig. 293) or pit-like aperture, 

vbich forms a depression of the mucous membrane ; at the bottom 
I «f this follicle lies a closed, somewhat flattened gland, exactly the 
'n structure, and possessing similar contents to the glands of 
I the small intestines. 

It has already been observed that the muoous membranes in the 
Monkey are identical with similar structures in man, and two illus- 
I trations are offered in confirmatiou of this fact. 

The first (Fig. 343) is from the Jejunum, and exhibits villi of 






b some size and shape, and the same display of mucus-crypts, as 
I -the oorrespoiidiDg human intestine. 

The Bocoiid (Fig. 344) ia from the Colon, and again the some 
I exact parallelism osists. While tbo cells of such tissue in all other 
are surrounded by single vessels only, it is reserved for man 
I «nd the Monkey to display a plexus ia tho Gome situation. 
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940. A ooreftiilj compiled description has thns been given of ihe 
form of the nutrimcntnl organs, and their accessory glanduUr,U 
pondages, in the several clasaos of the animal kingdom 
vith the lovest, and tfacing its gradual development up to it 
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950. In the class of Anhulcula, wg saw a Dumber of digest 
oavitiea possessing but one opening ; a little higher in the same class, 
this cavitj was extensively sacculated. 

951. In the Botifgsous animals, the alimentary canal possMsw 
two openings, and a glandular apparatos is superadded. 

052. The Entokoa (intestinal parasites) are somewhat anomalous ; 
the Acephaloeyst, although allied to the Entosoa by its affinities, is 
really lower than the lowest animalcule. It is provided with a nn- 
trimeutal cavity, but destitute even of a mouth, and like the phints, 
to which it is KOEt closely allied, propagated by spontaneous divisiun. 
None of the Entozoa possess more than one cavity to their nutri- 
mental organs. 

953. In the Polypi we found the same simple condition of the 
nutrinicotal canal, and in those which possess a stomach with two 
cavities, the lower one is solely devoted to the transmission of nutri- 
ment for the extension of the commonwealth. 

954. The AcALEPnA are equally simple, and the like must he said 
of some of the 

955. EcniNODERMATA, where Asterias possesses only one diges- 
tive aperture. 

956. In the remaining orders, a slight advance has been mtdej 
the alimentary canal is much more extensive, possesses ooDvolutiODB) 
and terminates in a distinct aperture, opposed to the mouth. 

957. Amongst the lowest of the Annbllides ranks the Leech ; 
but although possessing only a stomach flirnishcd with ccecal append- 
ages, it boa yet two apertures. The Aphrodita, in addition to iti 
numerous cieca, has an intestine superadded. 

958. In the lowly Epizoa, we sWll have two apertures to the ali- 
mentary oanal, in addition to an intestine, which indicates a li 
grade of development. 
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953. In the Cirbipbbb the Bamo condition obtains. 

960. The CausTACBA mark a higher advance, by the possession 
of n large, well-doveloped liver, iu addition to an mtestine and two 

961. The IsaBCTs are truly remarkable for the great perfection 
which their organization displays. Provided with mootha eiquiaitely 
adapted to their varied food, the atructure of their internal organs is 
qnite complicated. 

962. Here we meet, not only with salivary glands, but frequently 
fliiEttng to the eztent of three pairs of thi;m — as many pairs as man 
himself possesses, and endowed, apparently, with similar functions. 
Id addition, they all have a liver, and some of them (BUtta) a, pan- 
oreaa, whilst the intestinal canal is divisible into nearly as inaay 
|iortioQS as that of the human subject ; and, finally, many of them 
possess kidneyg. 

963. The higher members of the class Araokmida, the Spiders, 
fa&ve a liver and a. kidney. 

964. In the Mollusca we find no advance, but in many of its 
merabers a falling off of development, 

965. In the Tonicata, the only accessory organ is a liver. The 
like in the Bracuiofoda and LAUBLLiBRANCHXArA. In the Gastero- 
poda, salivary glands aro added. 

966. The Cephalopods, like many Insects, have a plurality of 
Stomachs, but no positive advanrement is discernible ; as a whole, 
the class Mollusca appears to be below the Articulata in general or 
ganization. 

967. The Fishes, as the lowest class of the Vertebrate Bob-king- 
dom, exhibit only a rudimentary condition of the nutrimental organs ; 
a liver, however, is always found, and usually well developed ; the 
salivary glands, for the most part, mer^ into the pancreatic folli- 
cles so abundantly developed in the majority of them. 

968. The Reptiles, as a class, indicate a higher rank ; the sto- 
mach is always well formed, particularly as regards the iutemol 
■tmctnre of it; neither are the accessories of a well-defined nutri' 
tnentol fiinction wanting. Although the Frogs are destitute of 
nlivary glands, the three pairs common to the higher animals are 
distributed amongst the other members of the class. They are all 
supplied with a liver, have the intestinal canal of sufficient length 
and properly divided, and possess kidneys. 

969. The Birds, amongst their remarkable developments, pos- 
i, many of them, four pairs of salivary glands. Without jaws. 
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without teeth, for the dividing and xnastioation of their food, 
the stomach is wonderfully modified to suit an extraordinary 
want All the other requisites of a well-developed nntrimental ianc^ 
tion they are possessed of. 

970. The most elaborate and perfect form of these organs is met 
with in the class Mammalia. Notwithstanding the varioas modifi- 
cations and complications of the nutrimental oanal to meet special 
wants, the general principle remains always the same, and the severe 
al accessory organs essential to perfect digestion of the several kinds 
of food, upon which the members of the class are destined to sub- 
sist, are there. 
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LESSON LXV. 

NUTBITION IN MAN, CONCLUDED. 

971. What a wonderful piece of mechanism is the human intes- 
tinal tract, with its millions of villi all periodically actively engaged, 
its mucus-crypts, its countless glands, its capillary, and its nervous 
systems ! That it should at any time get out of repair is by no 
means surprising ; the wonder is that it remains in a healthy condi- 
tion, especially from the difficult and impossible labors many of us 
call upon it to perform. The true rules for a sound and healthy 
stomach are few and simple — to eat when we are hungry, and to 
drink only when nature requires it 

972. How many persons there are who occupy themselves inces- 
santly in eating, and as incessantly in drinking water ! Has it ever 
occurred to them that the highly complicated machinery neoessary to 
digest food requires repose ? 

973. The muscular coat of the stomach having labored to digest 
a meal, demands rest, and must have it, if its vigor be cared for. 
On the other hand, if it be attempted to make the necessary organs 
always work, they flatly refuse, and will not do any thing ; whereby 
the worst form of dyspepsia results. A pint of water weighs one 
pound, and the stomach must attempt the same means to get rid of it 
as though it were the same weight of solid food, but with less suo- 
cess ; all its contractions are in vain — the water eludes these efibrts 
till the fatigued muscles yield in despair. 

974. But there are other forms in which we do ourselves a great 
wrong, namely, by eating improper, because indigestible food, or by 
eating food improperly prepared. Thus young meats (Veal and 
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Liimb) oro neither nutritions nor easy of digestion ; Beef, and espe- 
oialf J Mutton, ore by far the lightest aud moat nutritious of all meats. 

Carious, but most satisfactory information, quite coufirmatory of 
tbe views already enunciated, have been furnished by a series of 
carefully noted experiments, made at different times, and by a num- 
ber of independent observers, upon the stomach of Martin, the cel- 
ebrated Oauadian with a permanent hole in his stomach, the re^tult 
of a gun-shot wound. The gastric juice, long supposed to be a myth, 
inasmuch as no one had ever seen it, because it cannot bo found in 
death, appears to be secreted at the very time, and in the exact quan- 
tity wanted. The physiological law that all young meats arc in- 
digestible, is snstained by the fact that a tender young Chicken 
requires two-thirds longer time to digest it than a tough old hen. 
Chickens are frequently prescribed for invalids, but this appears to 
be a mistake, as, to bo easy of digestion and nutritious, the full de- 
relopment of age would seem to be essential. But care and cau- 
tion are necessary in the preparation of such food ; it should be put 
into cold water after having been out into pieces, and simmered 
gently for many continuous hours, the time required depending upon 
its age- If it once be suffered to boil, there is an end of the pro- 
cess, for muscle oonsists of the two elements — albumen and fibrin — 
and the too sudden application of heat, or the temperature of the 
boiling point, coagulates one clement (albumen), and corrugatts 
the other (fibrin). 

Coagulation of albumen is the state to which the white of aa egg 
ie reduced when boiled hard — perfectly solidified. Corrugation of 
fibrin is imitated by parchment brought under the influence of a 
etrong fire, iu which the entire mass is shrivelled, or clewed up into 
a smiUl space ; in both cases the nutriment is locked up, and ren- 
dered inaccessiblo to any stomach. 

The flesh of an Ox or Cow ia more readily digested than Veal ; 
Mutton, than Lamb. 

It is well known that the application of heat to butter or lard 
decomposes them, and essentially alters their properties ; for this 
reason pie-crust is extremely unhealthy. A peep into the Canadian's 
stomach, shows conclusively that cooked butter or lard is firstly aep- 
sratcd ; it then floats upon the surface as a mass of grease, and ulti- 
mately passes out of the stomach, without undergoing any digestion 
whatever. 

The skins of all Idnda of fruit arc entirely indigestible; the sto- 
nuoh refuses to have any thing whatever to do with them. 
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Hot bread never digests at all ; after a long season of working 
and tumbling about the stomnch, it will begin to ferment, anil in the 
end, having Hubmitted the organ to a great amoant of fatigue, b« 
finallj passed out of the stomaeb as a refractory and unmanageable 
mass. But it never becomes assimilated, or absorbed by those organs 
destined to appropriate nutriment. 

Another remarkable fact has been developed, which proves the 
truth of the old adage, " laugh and grow fat." It has been satisfac- 
torily established that mirlbfulneaB at and after a meal greatly Guili- 
tates digestion. On the other band, if this man be made angry at 
or Immediately subsequent to a meal, bile mahes into the stomw^h 
in a perfect stream, and digestion is retarded for some hours, and at 
last feebly performed. 

975. Besides hot, there is another form of bread. demAnding 
notice, and the evils in connection with it are easy of demonstratioD; 
for example : the bones of a yonng Child are gelatinous (com- 
posed of jelly), or, at the best, cartilaginous (gristly); to became 
bone, they require the phosphate of lime to be deposited in the 
meshes or interstices of the tissue. 

976. Wheat contains the phosphate of lime, which, if allowed to 
remain as such, would be duly appropriated; but if alum, form a 
constituent of bread, this earth is neutralised, for a tnutual decompo- 
sition takes place between it and the constituents of alum. Alum is 
the earth alutnitia, in combination with sulphuric acid ; but if phoc' 
phate of lime be present, the sulphuric acid having more affinity for 
lime, quits the alumina, and forms a new compound — sulphate of 
lime, or plaster of Parts. The phosphoric acid and alumina are both 
set free, and in the way of nutrition. Children fed upon bread thus 
made are liable to rickets, caries (rotting) of the teeth, and a still 
worse disease known aa " spina ventosa," in which very painful tu- 
mors are formed, sometimes as large as a. human head. 

977. Another very objectionable substance is in general use, to 
supersede eggs, or yeast — saleratus ; it is only necessary to rewind 
the reader, that this agent is simply a modified pearlaih, which is a 
poison. 

978. But it is not only in the baker's bread that we go wrong; it 
has been already remarked, that the hot hiioaits in common and daily 
use ore most objectionable, and no stomach can possibly digest them ; 
moreover, they are rarely sufficiently baked. 

979. Every good housewife knows, that whilst a loaf from th« 
baker is scarcely eatable ou the second day, that her own sweet, 
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pure, aod DUtritiooB " home-made," retains its freshness and softness 
for at least a week, — this is the best form of bread. 

980. Unripe fruit and Tegetables should be avoided as dangerous ; 
Donsequeutty green com, being an uuripe, imniaturo vegetable, is 

I most unbeaUbj. 

981. Those persons who partake of this vegetable, are constraln- 
I ed to eat the bull, which, in the green state, is particularlj thick 

and tough, and cannot possibly be assimilated, as the experiments on 
Martin's stomach fdlj testifies; moreover, the corpusoles of starch, 
BO eminently desirable in the ripe com, are not yet formed in its 

' green condition. Never eat or drink between meals. 

)82. These remarks might bo extended with great propriety, but 

' the theme is neither a gracious nor a pleasant one ; it must be under- 
stood, at the same time, that they are addressed ostensibly to the 
younger members of the community, who will feel no difficulty in 
begiunlng the right way, and continuing in it, whereby their life 

I will be prolonged, and their happiness promoted. 



LESSON LXVI. 

OOMPOUiro TUBUUkE TISSUES.— MXTSCULAE FIBEE. 

. The flesh of animals is called technically musds ; examined 
I by the microscope it is found to be of two distinct formations — 
I striped, and non-striped. The majority of the lower animals, espo- 
I oially those (3foUiisca) in which the nutrimental function is devel- 
I oped at the expense of those properties which commonly distinguish 
I sn animnl, as locomotion, volition, &c., possess the non-striped mus- 
I ele only. 

9S4. Insects, Crustacea, and other of the animals conspicuous for 
I their activity, possess, in additioa to tho non-striped, the striped 

985. In the lower, in common with all the higher animals, the 
hstriped muscle belongs to the vegetative organs (nutrimental 
inal); and the striped muscle to the organs of animal life (loco- 
' motion). 

singular and beautiful illustration of the muscular fibre 
Kef the Molluscous class may be given from a specimen of fossil rnus- 
Wvular fibre, from the tentacles of the extinct Belemnite, which accu- 
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TBtely ELgrcea vith the etructurQ of the muscular fibre of the tenta- 

oles of tho recent Cattle-fishes (Fig. 345). 

987. Tlie fibres are of two sizes, those Dcar the external eurfnce 
aro remarkably fine (a, Fig, 345), whilst those of deeper layer (o, 





Fig. 346) aro much broader; both preseut the same charactcrislJcs, 
which cotiBist chiefiy in the posaeBsion of a great nurnbor of nuclei 
(6, Fig. 345). Wherever two layers of fibres are found (in the deep- 
eeated fausele), one layer of fibrea crosses tte other at right angles 
(c, Fig. 346). The fibrea of the outer layer show the pigment cells 
P_^ ^j. in great abundance, and in » 

wonderful state of proaerra- 
tion (a, Figs. 346 and 34T). 

flH8. In addition to the 
muscular fibre, a portion of the 
integument (a, Fig. 347) is also 
shown ; it occurs to some ex- 
tent in connection with the 
mufloular fibre, in nhiob aitua- 
tion it cannot well bo seea, 
but the detached portion is very interesting, as it shows epidemuo 
scales. In this preparation the fibres are seen singly, and the nuclei 
well shown. 

9S9. Amongst the active animals of the Artioalate sob-kingdom, 
the striped fibre prevails, except as regards the muscles of the uutri- 
mental organs. This form of the fibre in insects, and lultdte, hu 
otlen been figured, but a general misoonoeption appears to prevail 
with regard to its trae structure. 

990. The transverse lines on an insect fibre are bo well marked, 
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tiiat tbej give an idea of ooarseneasf, and as sucli tUoy Lave been de- 
aorlbed; but a little careful examination of the subject \till show 
this opinion to be erroneoua, for, on tLe contrary, the ultimatu fibril- 
Is in these animale are so remarkably delicate, that no amount of 
magnifying power will Bnoceed in Bbowing a single transverse line 
upon them, when esamined singly — in the mass they are seen. 

991. This is sbovrn iu Fig: 348, copied from a preparation of the 
muBcles of Blatta Americana, made to ehow the ultimate fibrillw ; the 
muscular fibres on either side (a,a) aliow deli- 
cate trauaverse lines, but the fibrillat torn 
from, and Btill connecting tbera (6), do not 
show tlie least indicattou of a transverse line, 
etill they are really tbere. 

992. So, loo, 

Inlus (Fig. 349), 

jnvbiob the lines 

on the fibre are 

Tery coarse, the 

fibrillse liberated 

ai the end, are 

igularly fine, 

dispby no 

verse lines. 

993. Ifw 
eye, it will be set 
direction of the h 
areolar tissue. 

994. If a fnusde be analyzed by dissection, it will be found to 
iist of fascicvU, or bundles of fibres ; and if we succeed in ob- 
ing an ultimate fibre, it will consist of a fasciculua or bundle of 

liimate fibriUw. 

995. An idtimate fibre exhibits, under the microscope, the longi- 
lally arranged fasciculi of vlHmate fibrHlcB, their number being 

great, however, that their precise structure cansot be determined 
~ separated. 




muscle uf the iiighcr animals by the naked 
to consist of a bundle of fibres, running in the 
; axis of the muscle, and connected by means of 
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996. In addition to the lou^tudinal Hnea, equi-distant trans- 
e lines, at right angles to the former, will also be seen, and the 
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general appearance of the fibre will indicate a breaking up d 
entire structure into small dice, or square cells coutaiaiog dieoa.-' 

997. It ia always unccrtaia in which direction a mnscle will pre- 
fer to split — whether in the direction of its longitudinal cleineots, 
the fibrillse, or in the direution of the transverBe lines — the cells. 
A representntion of cleavage in th« Utter direc- 
tion may bo seen at Fig. 350. 

9QS. It has been remarked that the elements 
of a niuacle (fibres) are connected to each other 
by nreolar tissue; the elements of a fibre (nltimato 
fibrilla;) are similarly connected; but a filTt is 
eui eloped in a distinct and characteristic tiasno 
— the mydemma {sheath of the mnscle], or 
simple membrane in the animal kingdom. 

9!)i). This sheath ia quite distinct from ar«o- 
Inr, or any other tiuiue. Its existence can eaail; 
be demonstrated in any muscular fibre by sub- 
iJuiBveijc J. jecting it to the action of Quids, which occodon 

a swelling of its contents ; such ir the effect of acids and allcalice, and 
the result may be obtained by citric and tartaric acids, or by pota^ 
1000. There is no reason to believe that the myolemma is per- 
forated, either by nerves or capillary blood-veascls; it rather seems 
P^^ ^, to present an impenetrable barrier 

■|fi bcitwcen the real elements of mnscQ- 
t^. i,.„ Btructure and the surroundiDg 







1001, Muscular tisBae„ properly 
cnllcd, is estra (non) vascular; for 
8 fibres are not penetrated by vea- 
»v\s ; and the nutriment required for 
il> prowlh must be drawn by abiorp> 
tion through the myolemma. 

lOOlI. Still, the substance of mus- 
cle, Oh a whole, ia remarkably vasca- 
lur; the capillary vessels being dis- 
VjiicuiarKr "r miieoir n. Aripry; h, tributed in parallel lines, miming in 
the direction of the fibres, aud anil«d 
by transverse branches in the minute interspaces between the fibres; 
so that, in all probability, there is no fibrilla which is not in clow 
relation to a capillary {Fig. 351). 

1003. The striped muscles, or muscles of animai life, m they 
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■re called, in contmdistinctioD i 
of vegetative or organic life, 
arc, of all the tissues esccpt the 
Bkin, most abuDUautly HuppUed 
vitb nervea. These, Hke the 
blood-vessels, lie on the out' 
side of the myolcmma of the 
MTeral fibres J and their influ- 

L esce must conscqueotly be es- 

I cited through it. 

The general arrangement 

l-of thenerrcB is shown iu Fiu' 

1004. The ultimate fibr 
I or tabes of the nerves, afier i- 
k Buhig from the truiilcB, form i 

which rctuin 
f either to the trunk from nheoco 
f they proceeded, or to an adja- 
\ Gont one. 

1005. Having described the 
pgeneraL structure of the striped 
l^moscle, it only nov remains to gi 

1006. Obtain by tearing 



iriped nmsclc, or muscle 




1 its minute and ultimate ciiaractcra. 
It the tissue an ul- 



e fibril, or tear a fibre longitudinally, so that it 




I ia held together only by a series of fihrillse, sncb a 
[jpig. 353. 

1007. Place it under the microscope, using for this purpose not leas 
\ than a fourth object-glags — or a linear power of about 500 diameters. 

1008. An appearance suck as is shoini iu Fig. 354 will be seen. 
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The fibrilla will now appear to be a delicate transparent tube, divid- 
ed by well defined but very delicate transverse lines, by which the 
stracture is broken up into a series of symmetrical cells. 

1009. In the centre of each cell is a solid, dark body — ^the sarcous 
element of Bowman. 

1010. A fourth object-glass will only diow a angle transverse 
line ; but a superior twelfth object-glass will show that the line is 
double — divided by the least conceivable interval of spaoe. 

1011. If the structure be built up of cells (of which tiiere ap- 
pears no room for doubt), each cell should have an upper and lower 
portion, and the approximation of two cells should show the top of 
the one and the bottom of the other, and this is true. 

1012. The transparent membrane around the sarcous element 
has been named the sarcolemma (sheath of the fleshy element). 

1013. Thus it will be seen that a primitive fasciculus is made up 
of a number of fibrillse, running together in a longitudinal direction, 
united together by areolar tissue ; when a fibre is formed, the entire 
fasciculus is contained in the peculiar sheath, the myolemma. 

Each fibrilla is again composed, as before stated, of an external 
tubular sheath, the sarcolemma, in which is contained cells having 
rectangular discs (sarcous elements) enclosed in chambers, or spaces, 
formed by processes of the sarcolemma extending across the tube. 
The fasciculi are united in bundles by areolar tissue, invested by the 
myolemma to form the fibres of descriptive anatomy. 
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LESSON LXVIII. 

MUSCULAB FIBRE, CONOLUDSD. 

1014. Such is the history of the structure of the musciilar fibre 
of animal life, and when compared with the representatioDS of fresh- 
Water and marine algse, they will be seen to be identical 

1015. Thus Fig. 355 represents a very beautiful pararitio fresh- 
water Alga, found upon the stems and leaves of the white and yellow 
pond-lilies. The entire structure consists of a congeries of square- 
shaped cells, each of which is a plant in itself, and containing an 
equally square nucleus, or germinal spot. 

1016. It should be remarked that the squareness of the cell, and 
of the nucleus, form distinctive characters of this order of plants. 



KTFSCULAB FIBKK. 



1017. The aeries of large, dork, circular masses {a) aronnd the figuri^, 
Bnd near the margin, are the sporangia {spora, a seuil ; aggos, a vessel ; 
spore, I I of seeds). 




1018. In this order of plants propagation is effeotetl by the spon- 
taneons division of cells, nnd by sporeg, contuined in what is culled 
"mother-cells" (perispores), the structures described (a) ia the figure. 





I beautiful Mnrioe Alga, Ccdiithalmia PaUeii, its 
n honor of the late Professor Bailey, of West Point, 



230 AKUUL PHTBIOLOOT. 

wc find an n|iproxiiiiatton to the stnictnro (ultim&t«) of t 
fi'ire (Fig. 854). Tbe plant consists, like all the algffi, of a coDgt 
of oclls of exceedingly variable cixe, depending npoii llieir maturity, 
lO'JO. A bud 18 shown, made np of cells eqiwUj vnrtnble in 
eize. In the interior of all these celU, irithout (exception, is a nu- 
cleus, of n reddish brown color, always bearing u close relation to 
the size of the ocll containing it (a). 

1021. In another njorine alga, from the Island of Barbadoes 
(Fig. 357), wo appear to be gazing upon a very highly magnified 
ultimate Hbre of the Fig. The BrrangemenC of tlio loDgitudinal 
lines, indicating ultimate librillse, iB perfect, and the cells, somewhat 
longer in one diameter than in the transversa one, and containing 
the {as if) sareous elements (a), renders the illusion as satisfuotory 
as can well be desired. 

1022. But a still eloser approximation is in store for us : in 
Lake Michigan, at Chicago, may be found, in great abundance, a 
remarkably delicate fresh-water alga. Like all its kindred, it ex- 

J,,,, ^.^ hibita, at the same moment, 

every stage of development. 
Sitiall, detached portions of 
th is plant are eitremelygraoe- 
ful in the general arraogement 
of (heir parts, as will bo seen 
by reference to the Ggure (Fig. 
358). 

1023. This plant, collected 
in the height of summer, gave 
indication of its omiusingly n- 
pidgrowth.all the cells, devoid 
of nuclei, indicating new ocUb | 
tlie cells of the stem, how- 
ever, are more mature than 
those of the branches, uiJ 
each one contains a nuclens 

1024. It is only nccGssuy 
to refer the reader back (Fi(^ 
354) to the highly magnl&d 
view of the ultimate fibriltl 
of muscular fibre, and moIoBg 
due allowunoe for the dis- 
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p&rity of aiic in that figure and this, there can be no doubt that the 
structure is the same. 

10*25. It U by DO means the least remarkable fact that a tissue 
purely animal, as is the muscular fibre of aoimal life, should exhibit 
in its elements the true characteristics of a vegetable origin, and, still 
more, of a lowly vegetable, such as an alga, but here we may trace 
• distinct couneotion between the lowest plants and even the highest 
auimals. 

1026. The ultimate element of a muscle, therefore, is a single 
sucleated cell, such as forms the sole element of thousands of plants. 

1027. Neither does the analogy end here, for it is well known 
that in muecular fibre the cells are firstly formed, and the nucleus 
(sarcons element) subsequently placed therein. 

1028. It is highly probable that the sarcous elements of muscle 
poasesB the samo generative power as the nuclei of plants, and that 
the tissue is extended by the subdivision of the sarcons clement, and 
the cell containing it. 

1029. Very thin transverse sections of muscle show merely a 
series of minute round dots — the sorcoua elements — each one being 
aurrounded by a small circular white ring, de- p,g ,^,g 
noting the position of the rectangular body 
within the tube (Fig. 35fl). 

lOitO. The muselea of organic life, or vol- 
untart/ muscles, as they are called, differ in 
structure from the preceding. 

1031. They form a clowr and more com- "••^'• 
pact tissue, and are fur more difficult to manipulate with than the 
muscles of animal life. 

1032. It sometimes happens that their ei/e ia less than the fibres of 
the striped muscle, although in some animals the contrary is the fact 

1033. These plain, non-striated fibres, are arranged like the 
fibres of the other muscles, in a parallel manner, into bands, or 
fasciculi ; but the fasciculi are usually woven into a network not 
having any fixed points of attachment. 

This is the nature of the muscular coat of the tesophagus, sto- 
mach, intestinal canal, &c. ; it also occurs in most of the largo gland 
ducts, and in the iris (curtain of the eye). 

1034. The Heart is composed of various forms of muscular fibre ; 
•ome being distinctly striated, others quite pl^n, and others of m- 
termediate character. 

1086. The chief characteristic form of the non-striped muscular 
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oertaiD nodosities (bull£c), dcreloped st ceriaiD JB 
vaia, and tliese are fouud to cootain^ nucleus. 

1036. To reudcr tLis latter faot apparent, it Is 
&equeiitlj desirable to eiuploy aoetia &cid, bat prep- 
arations aro not tmcommon which have not been 
aubjoeted to the action of any re-agcnt, but in which 
tiic nuclei arc ncU seen. A figure of the nan-sttiped 
6bre is given (Fig. 360). 

1037. The troe Btraotnre of muBCuLir fibre, as 
revealed by the microscope, jtas first published io 
tlic Piiiloaophical TraueaotionB, by Mr. WiUiani 
Unnman, and that account has been made aTailablc, 
iu addition to original observationa and preparationa. 



LESSON LXIX. 

COMPOUHD TIIBLTAB TISSUES, CONTINUED.— NERTOTJB BTBTKIL 
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1038. The late Baron Cuvier applied himself to correct the 
errors in the classification of Animals which had been handed 
to us by Aristotle, the Father of Natural History, altered, bi 
improved, by LinuEeus, and dcBoended to oar own times. 

1039. To this end he devoted much time and untiring 1a1 
the dissection of the nervous systems, especially of die Inverlebralv 
animals. The result of these labors was, the division of the entire 
animal kingdom into four primary divisions, or sub-kingdom& 

1040. Notwithstanding that the structure of the nervous sysWm 
really formed the basis of his clnaelBcatioTi, he contented himself with 
the prominent external characters, as the means of designatinn of 
his three lower classes, and only in the first class is an initmal 
character adopted. 

1041. Thus the animal kingdom consisted, aooordiiig 1« 
author, of the following divisions : 

Vertebkata, Abtiohlata, 

MoLLcscA, Radiata- 

1042. All the animals of the first clasB possess a bony vertel 
column, for the transmission and protection of the spinal chord, 

1043. The Molldscods animals were so called from the gencnt 
softness of their bodies, such as slugs, snails (marine, fresh-water, 
and terrestrial), the inhabitants of bivalve (bit, two) and aniralro 
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(unux, one) shells, and the many forms of naked Bimilur creatures 
fbuod in the ocean. 

1044. The Articulata have their bodiea composed of a variable 
.liumber of distinct rings, or segments, joiuted to each other, such as 
tiobaters, Insects, Ceniipetka, Worms, &c. 

1045. Tlie Radiata arc so called from the several members of 
s body radiating from the central portioD, ss in the Star-Gshcs. 

1046. Dr. R. E. Grant, of Edinburgh, offered, some thirty years 
mgp, a classification of the animal kingdom which should be based 
li^jon the development of the veT^aus syatem alone. Hence the new 
■daasification, as compared with Cuvier's, stood -thus : 

1047. Cuvier. Chant 

VERrEBRATA, SPINI-CKREBRATA, 

Mollusc A, Cvolo-oanoliata. 

Auticulata, Diplo-seura. 

Radiata, Cvci.o-kkora. 

1048. The Uerehro-spinal {brain, spine) axis of man, and all 
Vertebrates, originated the espression by which Grant designates 

. this sub-kingdom. 

1049. The MoUusca were assumed by this author to possess a 
TTous chord which surrounded the ODSophagus, and upon which 

ganglia were placed ; hence Cydo-ganijliata (circle ; ganglions.) 
The nervous system of Cuvier's Arliculata is found to consist, pri- 

Karily, of a double nervous chord, hence Diplo-nevra (two ; nerves), 
_ tt on which ganglia are moro or less found. 

1050. The last sub-kingdom, the Eadiata of Ouvier, presents (in 
lie StaT'fishes, according to Tiedomann] a nervous ring sarrounding 

the oral aperture, but vntkout any ganglion, therefore Cyclo-neura 
loinmlar nerve). 

1051. This classification was unquestionably an advance; but 
another man, younger than Grant, and newer to science, desired to 
provt the facts upon which the latter system was founded, and this 

an was Owen. 

1052. With regard to the Vertebrate division but little could bo 
done — Cuvier's eharaotera had covered the ground, and the nervous 

stem was found to be arranged on a uniform plan. 

1053. However, in place of the " Spini-ocrebrata" of Grant, Owen 
iproposed Myaiencephala, as somewhat more expressive, the word 
fcmng derived from muelos, marrow, and egkephalon, brain, 

1054. Wien the learned professor examined the Molluscous ani- 
<m&lB, he found Grant's character to fail ; in this class a n 



rtn^, beset loiih ganglia, is not found, esoept in rare cases ; it is a 
nervous commieaure {or band) connecting the cephoiie ganglia, and 
passiug, not arovnd, but behind the lEsophagus. Tben the pedal 
ganglia (iQ tlio»e molluacs possessing a foot) and the branchial ganglia 
are variouely disposed — now in one place, now in another—henee 
Owen, with far greater propriety, called Cuvier's MoUusoa, Hetero- 
gangliata {eteros, other ; genos, kind). 

1055. The designation of the nest sub-kingdom, by Owen, u 
compared with Grant, is of leaa consequence ; and whether we ex- 
preBs the " double nervoos chord " with Grant, or epeak of the ajm- 
metric&l arrangement of the ganglia in this class, with Owen, who 
calls them, from the latter circumstance, Homogangliata (oitms, the 
same; <7«noj,kind), matters not, either expression beingequally correct. 

1056. We come to the last division of the animal kingdom, ifo- 
diaia of Cuvier, Cgclo-neura of Grant. 

1057. Owen is content to take the statement of Tiedem&tm in re- 
lation to the Star-fiahes ; moreover, he has a preparation of A^teriw 
pappoaa, in the college Museum, prepared by the bond of the immor* 
tal Hunter, but whether the author designed it to represent the ner- 
vous system (which it certainly does not), or a portion of die vateu- 
lar system (which it assuredly does), is left to conjecture. 

1058. For those anioials of the Radiate division in which Owen 
believes a nervous system has been recognized, he proposes the word 
Nematoneura {nema, a thread; neuron, a nerve), But in coramou 
with many others, be is by no means satisfied that a nervous system 
has been discovered In some of the class of Cuvier's Kadiata ; and for 
these he proposes a very significant designation — Aerita, confused. 

1059. The lower animals exhibit all the manifestatvins of a ner- 
vous system, whether it can be detected or not. 

1060. It is presumed, therefore, toexist, but under sacli circan- 
stances that oven the microscope fails Ui detect it as an independent 
organism — it is diffused or confused, and hence the expression is a 
good one. 



LESSON LXX. 

SEKVOHa STBTEM, OONTINCED. 

1061. The classification of the three first classes of the animil 
kingdom, especially by the last authority, is undeniably good ; much 
doubt exists, however, as to whether a nervous system really exiala 
in any individual of the last (Radiata) or not. 
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1062. John Han(«r left a. preparation in hia MuHenm of Astcrias 
papposa (a muny-raycd Star-fish) ; a white, delicate riDg is eceu sur- 
rounding the oral (inoutli) aperture, from which a Beries of white 
chorda are traced into the several niys ; this liajs been aeaumed, by his 
RUOceiMorB, to be tbo nervous system — Hunter's notes, in relation to 
his preparations, having been destroyed. 

1063. Subsequently, Tiedeniann published a valuable monograph 
en the Eckinodermata (prick ly-sldnned animals, in which class the 
Star-fishea are included). He gave a description, accompanied by 
beautiful figures, of the anatomy of the common five-rayed Star-fish — 
Asterias ruhens — and amongst the tissues figured was the nervous nys- 
t«ni, a copy of which is appended (Fig. 361)_ |.^ ^.^ 

Here & white ring is diatiiietly seen sur- 
roanding the oral aperture, and distributing 
three branches to each of the five rays. 

1004. He also described the vascular sya- 
tera in the following remarkable words : " The 
vessels which absorb the cliyle from tlic di- 
gestive sac, terminate after a series of reticn- 

late anastomoses, in a circular trunk, which ^-!"uj=.jsi,=mgt Jsk'nu.-. 
likewise receives branches from the radiated coBoa. The venous cir- 
cle oomniunioates by means of a dilated tube, regarded as a rudimen- 
tat form of heart, wilh an arterial circle surrounding the vwutk, 
from which branches diverge to ike rays, and other parte of the body." 

1065. Authority is not wanting to confirm the fact that the vascu- 
lar Bystem, so accurately described by Tiedemann, is the saiue structure 
which himself and others have mistaken for a nervous system. 

1066. In the uninjected slate of the animal, the vessels are filled 
with uihite, coagulated blood, and in roundness, fulness, color, and 
general appearance, accurately simulate nerves. 

1067. From all that is known of the necessities of a nervous 
system, it appears to be ijuite improbable thai any such condition 
exists in the animal kingdom as that alleged to belong to the Radiata. 

1068. It is extremely difficult to understand a nervous system, 
consisting only of a series of simple chords — unprovided with a sin- 
gle nervous centre, or ganglion. 

1069. Now a ganglion is a knot of nervous matter; a brain of a 
kind ; a centre of reinforcement ; and the probability is that no ner- 
vous system exists, without, at least, one ganglion. If this be true, 
the nervous system in the Radiata has yet to be discovered. 

Nerves possess distinct functions : thus, a nerve of sensation has 
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no power to direct or organize motion ; neither is a motor nerve en- 
dowed with sensation. 

A nerve of vision cannot perform the {unction of smell, taste, 
hearing, or touch ; neither can the nerves of one organ assume the 
function of the nerves delegated to another organ; each has its own 
duty to perform, preserves its individuality, and is so fjEur distinct 

1070. A nerve and a ganglion, as will be hereafter seen, possess, 
each of them, a peculiar and definite structure, and the only way to 
be sure of their presence is to cut off a small portion, and examine 
it with the high power of a compound achromatic microscope. 

1071. Plants assimilate food, continue their kind, and the lower 
orders of them are even endowed with locomotion ; the Venus' Fly- 
trap, and the Sensitive Plant would seem to offer the indications 
of a nervous system ; so far as is really known, the lower animals 
appear to occu^ a similar position with plants. 

1072. From the foregoing statement, it will be advisable to com- 
mence the inquiry into the nature and condition of the nervous sys- 
tem, and its mode of development, in the Articulate sub-kingdom, all 
the individuals included in this section being unmistakably endowed 
therewith. 
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LESSON LXXI. 

NERVOUS SYSTEM IN THE ARTICULATA ENTOZOA— ANNELLIDA 

1073. In the lowest animals of this sub-kingdom, the parasitic 
Entozoay the nervous system is very imperfectly developed, and, from 
their position within the bodies of other animals, but little required. 

1074. In the intestinal parasite Strongylus gigas, a slender ner- 
vous ring surrounds the beginning of the gullet, and a single chord 
is continued from its inferior part, and extends in a straight line 
along the middle of the ventral aspect to the opposite extremity of 
the body, where a slight swelling (ganglion) is formed, immediately 
anterior to the posterior part of the body, which is surrounded by a 
loop, analogous to that with which the nervous chord commenced. 
The abdominal nerve is situated internal to the longitudinal muscular 
fibres, and is easily distinguishable from them with the naked eye, by 
its whiter color, and the slender branches which it sends off on each 
side. These transverse twigs are given off at pretty regular inter- 
vals of about half a line, and may be traced round to nearly the op- 
posite side of the body. 
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1075. In the Afcarides, a dorsal nervoua chord is continued from 
tlie ceaopbogeal ring, down the middle line of that aspect of the bodj 
GorrcapondiDg to the ventrat chord on the opposite aspect, 

1076. The nervous system of the Asnbllida, or red-blooded 
worms, as they are commouly called, prcseots a. marked advance be- 
yond its condition in the white-blooded parasitic worms; it consists 

double median central chord, or chain of small gaoglions, es- 
tcnding from one end of the body to tie other; the two chords di- 
Tergo anteriorly to allow the passage of the oesophagus, and again 
unite above that tube to form a distinct, though small, bJlobcd ce- 
phalic ganglion. 

1077. Most of the JnnefiwZes oreprovided with ocelli (eyes), and 
many of them the head supports soft cylindrical teulacles (feel- 
ers), called (improperly) antennm : they are p,^ ,,^,„ 
obriously organs of touch, but differ from tlic 
antenna} of insects in the absence of joints. 

1078. In this class the nervoua system had 
reached a higher type and more constant plan 
of arrangement. 

1079. It always commences by a aymmet- 
rical bilobed ganglion, whiuh, both by its siiii- 
atioD above the mouth and the parts which il 
flnppltea, merits the name of brain, which it 
has generally received. 

1080. In the medicinal kech there are Kent 
off from this ganglionic centre (Fig. 362, a). 
ten distinct optic nerves [b, b), bpsides many 
Bmillcr filaments to the integument and othci' 
parts of the head ; each optic nerve or fil.i- 
ment terminates by expanding upon the basi: 
of & black eye-speck or ocellus, ten of whicli 
■may be distinguished by the aid of a \epa of 
moderate magnifying power, dotting, as it were, 
at equal distances, the upper margin of the 
c^ttudcd suctorial lip. 

1081. The principal nerves which arise 
from the brain of the leech are what may bo 
called analogically the crura, which divergf? as 
they descend to embrace the ccsopbagus, and 
txa often called the oesophageal chords ; they 
then converge and reunite to join the large ' mviikiaaViio^ii." 
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anb-OBSOphagoal ganglion (c). From thia ganglion the musclee of 
the three Bcrratcd jaws, as well m the principal muscles of the oral 
(mouth) Bucker, derive their nervous influence. Thoae who have 
watched the vigorous workings of this part in a hungry leech, begin- 
ning its feast, will not be surprised at the great development of As 
nervous centre of the suctorial and majtillary mechanism. ^^ 

1082, Two ohoi'da, in such close apposition aa to seem a 
nervous band, are continued from the sub-cesophageal ganglion 
under, beneath) along the middle of the under part of the nbdi 
uttached to the ventral [ventre, belly) integument, and encloeed, 
were, by tlie great ventral vein. Twenty-one equidistant ganj^ 
art) developed upon these chords, which distribute their filaments 
the adjoining segments by two diverging trunks on each side. The 
segments indicated by the csternal cireular indentations of the in- 
tegument are much more numerous than the ganglions. A umple 
nervous filament extending from the cesopbsgeal ganglion along the 
dorsal aspect of the alimentary canal, has also been detected iu tha 
liiecb, and tliia forms the first trace of a distinct sympathetic nervo 
as yet seen in the animal kingdom. 

1083. In the earth-worm (angle-worm) the brain or supra-<eso- 
phageal ganglion (supra, above) consists of two lateral lobes, which 
send off small nerves to the proboscis, and the two large connecting 
cords to the enb-<Bsophagcal ganglion. The two ventral nervons 
trunks are more distinct from each other than iu the leech, hut the 
ganglions are relatively smaller and mora numerous, corresponding 
in number with the segments of the body. 

10S4. In tlie Nereis, a marine worm, some species of which grow 
to the estent of two feet in length, the abdominal ganglions are more 
distinctly hilobed than in the earth-worm, and the supra -(caopliageal 
ganglion is relatively larger, having to furnish nerves to both an- 
tenme and ocelli. The pairs of ganglions developed upon the ven- 
tral chord correspond with the eegmeuts of the body in number, and 
are very close together. 

1085. In the species which attains the great length indicated, 
Eunice ffiganiea, the nervous system consists of upwards of 1,W0 
ganglia. 

In the Epiioa, the nervous system of Actheres percamm (F\g. 
'20i) possesses a single cephalic ganglion, placed on the ventral siu- 
face, from which are distributed two principal chords (j, y), exteod- 
ing along the under surface of the body. 
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LESSON LXXII. 

KEBTOUB 8T&TBU OF CIBBIPEDU, AND MTBIOPODA. 

1086. In the Cirripedia (cirrus, a ourl ; pta, a foot), commonly 
called Bamaclea, or Acorn-aholls, the nervona syBtom is very simple. 

1087. In the Lepaa viirea the ceaophagus i.s surrounded by u 
white oval ring, at the Bidea of wliich are placed the hoibII ganglions 
wliioh supply the first pair of feet, Tlie ring ia completed below by 
the gunglions of the second pair of feet. p^^^ ^^^ 
The fifth and sixth pairs of ganglioos arc 
approximated to each other ; there is no 
cerebral ganglion, but filaments are given 
off from the supra-tesophageal loop to the 
peduncle and sides of the head (see Fig. 
363). Two of these branches pass to a 
small ganglion on either side, near the 
stomach, from which the digestive orgun.s 
are supplied; the tubular extensile t:ill 
receives the last two pairs of nerves. Tliu 
neurolemma (nerve sheath) is stained by a 
dark brown pigment in the Lepas vitrea. 

1088. The olnas Mijriapoda (luiiny 
feet) contains the Wood-lice, lulida (for 
which there is no common name), and C»n- 
tipedts (hundred legs). Both tliose latter 
animals are found at the roots of trees ; 
the lulna \i about an inch in length (in 
this country), the body very round, covered by a brittle, black, shin- 
iDg skeleton ; its legs numerous, having two pairs on each segment 
of the body, and remarkably short. Some species, if touched, throw 
themselves on their side, and curl into a close ring. 

1089. In these animals the condition of the nervous system is of 
much general interest. In them the corresponding ganglions of the 
abdominal chords are much less conspicuous than in the earth-worms, 
uid the whole central axis of the nervous syetem, continued from the 
brain, is almost ob deroid of partial swellings as the spinal chord of 
the apodal (without feet) vertebrates. 

1090. A figure of the brain and chief distribution of the nerves, 
from an ori^nal preparation of luluH, is shown at Fig. 364. 

1091. The cephalic ganglion (a) of the lulos, ia transversely 







eloDgnted, and obscurely divided by a slight mcdiui indentatlonl 
two Bide-lobea ; its upper and lutter extremities ue prolonged a 
wards into the optio lobea (c, c), which resolve themaelvea hiilf>way 
ton&rda the compound eye ioto a plexus of filameate (optic nervus) 
&r its several divisioDa. Two separate iLUteuiial nerves, cuDJ^etn 
by Straus Duroheim to be motory and sensory [d, d), are sent a 
each ude below aud in front of the optic nerves to the short, • 




jointed antcuiiic. On each side, also, but below the antennal nerves, 
arise the two nerves (i), united together by an anastomoBiiig branch, 
which supply the tnandibles. 

1092. The thick (esophageal chords (if) ore continued from the 
posterior and inferior angles of the brain ; and, though apparently 
simple, consist essentially of two chorda, which become separate at 
the lower part of the pharj-nx ; the anterior chord girts the pharynx 
by a transversely oval ring, formed by the confluence with its fellow; 
the posterior and normal columns converge, at on acute angle back- 
wards, blend together, and expand into the commencement of the 
abdominal nervous trunk; thus enclosing the cesophagus by a second 
and looser collar. 

1093. The stomato-gaBtric, or Bympathetio nerves (/), whieh 
arise from the posterior part of the brain, imraediat^ly form a third 
slender ring (e) about the cesophagua, from tbe middle of the upper 
part of which the trunk of the sympathetic system is continued a 
short way back upon the stomach, when it divides ; the two divisions 
diverge at an angle of 45°, bend abruptly backwards, and run parallel 
with^ach other along the dorso-lateral parts of the wide and straight 
alimentary canaL 

1094. Two large nerves (A) are sent forwards from the beginning 
of the thick sub-cesophageal or ventral ohoid (i), to supply tbe mai- 
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h form the under lip ; tho nerves of tlie two single pairs of 
B thoracic Begmcntj, next arise, and afterwards 
the more numoroua minute ncryca ta the tittle feet, whiob, by their 
Articulation to tiie segments in double pairs, indicate ^^^ ^^^^ 
such segments to be merely a confluence of twi> seg- 
ments. The simplicity of the abdominal chords cor- 
responds with the close approximation and great num- 
bers of the organs from which they receive impres- 
siona, and to which they transmit stimuli. 

1005. In tho Polydesnius maculutus {spotted], 
(Fig. 365), the segments are fewer and larger ihauiu 
the lulus, and their lateral margins are produced ; 
each, however, with the exception of the first three, 
whieh answer to the thorax in insects, supports two 
pairs of legs — but these are longer than in the lulus. 

1096. The abdominal nervous chords show as lit- 
tle trace of their median Eeparation as in the luli, 
swelling into two slight enlargements (a, a) opposite 
each of the abdominal segments ; two nerves are sent 
off from either side of each enlargement, and the an- 
terior of these four pairs of nerves is directed at an 
acute angle forwards and outwards to the stigmata; '^^'^ '""lii^ 

s doubtful, however, if these be nerves — aualngy 
ms to indicate that they are arteries; the remaioing piurs supply 
the mOBcles of the segment, and the legs, and are of equal size. 

1097. In the Centipede (Scolopendra), a aeries of e(pi»l nnd hiui- 
distant ganglia is developed upon the ventral surface of the two ob- 
dominal chords, Only in the first and last of the abdominal gangli- 
ons can any modification of siie be detected. The anterior or 
Bub-oeeophageal ganglion is larger than the rest, having to supply 
the modified legs which perform the function of jaws and nnderlip, 
the chords diverging as they escape on each side of the oesophagus, 
enclose it by uniting with the large bilobed brain above. The nerves 
from this part (tho brain] snpply the brge antennae and the aggre- 
gated ocelli; in other words, the organs of special sense. 

1098. Even in animala so low in the scale of being as the class 
Myriapoda, wo find the full recognition of the leading physiological 
divisions of a nervous system in the higher animals. 

. Thus the supro-eesophageal ganglion or brain in these crca- 
far corresponds with the cerebrum of Man, that it is sub- 
s of the special orgaos of sense, and is the 
16 
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servient to the ^notioi 
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centre whence voluntary impulse may be directed along tiie doh- 
ganglionic tracts of the nervous ksis, and to which ordinary sensa- 
tion may be transferred by similarly uninterrupted nervous filaments. 
So, too, we find the function of the cerebellum simulated by the lai;ge 
sub-cesophageal mass, which originating the nerves analogous to the 
fifth pair in man, and the higher mammalia, for the masticating 
organs and other parts of the head, may be regarded as analogoos to 
the base of the brain. 

1100. The stomato-gastrio (sympathetic) nerveSi complete this 
complicated system. 



•»• 



LESSON LXXIII. 

NEEVOUS SYSTEM IN CEUSTACEA. 

1101. In the numerous and diversified class of Crustacea^ every 
condition of the nervous system is met with, from that of the lowest 
AnncUide, or the earliest larval state, where scarcely a filament is yet 
perceptible in the place of the nervous columns, to that concentration 
of the nervous ganglia around the oesophagus, which connects the 
highest Articulata with the Mollusca. 

1102. The supra-OBsophageal ganglia (Jratn) are generally larger 
than those of Arachnida, and smaller than those of Insects ; they are, 
for the most part, united into a single cerebral ganglion, devoted 
chiefly to the large organs of the senses, and the|r nerves unite with 
the sympathetic, as in Insects. 

1103. The ganglia of the cephalo-thoraz (head-chest, which in 
these animals is soldered into one piece) vary much in their number, 
magnitude, and degree of approximation, according to the form of 
that part of the trunk, and the size of the several pairs of legs. 

1104. Many of the lower Crustacea have the segments nearly 
equally developed from the anterior to the posterior extremity of the 
trunk, and this equal development is seen also in the nervous co- 
lumns and ganglia of these segments, as shown in the subjoined figure 
of the nervous system of TaXitrus locusta^ or Sand-hopper, so com- 
mon on the sea-shore (Fig. 366). 

1105. The slender longitudinal columns, and the minute ganglia 
along their course, here remain distinctly separated from each oUier 
by a small space on the median plain ; the ganglia are nearly of the 
same size from the first pair (a), above the oesophagus (i), to the 
caudal pair (c), and the pairs are almost equidistant along the whole 



(tM.] 



I IN CBUBTAdU. 



trunk, in a longltuUiual ili- 
rcotion. 

1106. The same form of 



tbe 







in the highest CruBlaetu, 
while yet in their embryij 
condition in the ovum. In 
the short and broad trunk 
of the Cymoihoa, where thii 
legs are still equally devi'I- 
oped along the sidea of thu 
body, the nervous columns 
(Fig. 367} bavo already v.\r 
proziraated to touch each 
other on the median plaup, 
and the ganglia on tbe two 
iides have coalesced Xo form 
a single chain along tho 
middle of tho ahdomiDal 
surface of the body. The 
ganglia are still nearly equi- 
distant, and equally developed along the columns; but where the 
minute posterior segments occur, the ganglia are closer f,„ ^^ 

together and Hmaller in size. The transverse concen- 
tration of tbe columns and ganglia towards the median 
plain, thus Keen in the lowest CruHtacea, b succeeded 
in higher species by a longitudinal movement of the 
nervous matter, directed, as we have seen in inferior 
classes of Arttculata, chiefly to two points of tbe body, 
the head and the thorax, from whioh the largest and 
most important appendices of tbe body, whether for sen- 
sation, mBeticatioD,or progressive motion, are developed. 
1107. In the long-tailed CruBtacea, as tbe Lobster 
( Ja(ii«jsnMirtn«s), Cray-fish (jii(ae«s/uwiaii/is),not 
only is the sympathetic syetem of nerves derived from 
the lateral ganglia of the stomach, but the ganglia 
and columns have coalesced and met transvereely 
along the whole body ; in the region of tho thorax, 
from which the five pairs of large extremities arc de- 
veloped, tlie ganglia have enlarged in sine above those 
of the post-abdomen, and considerably approximated 
to each other in a longitudinal direction (Fig. 3C8), 




i 




In the higher Articnlata the Begments first coalesce on the i 
and posterior portiona of the trunk, nnd henCG the enlarged form 
preseiited by their cephalio and caud&l gnaglin, independent of the 
great size often Bttainod bjr the appendices developed from the 
tenoinal parta of the body. 

The cephalio ganglion is shown at a, and this, together with 
the ganglia which succeed it, down to b, is of larger siic than the 
abdominal ganglia, with the exception of the last (r),) which in this 
form of the nervous system always attains increased site. 

1108. The most coDcentrated form of the nervous system met 
with in the Crustacea, is that found in the ehort and broad trunks 
of the Crahs (Fig. 369), where all the Bymmetrical ganglia of the 
columns are collected into two masses, the one in the head, and 
the other in the centre of the cephalo-thorai ; the sympathetic nerves 
P,^ „^ ore confined to a nervous band around 

the wide cesophagua. The supra-oeao- 
phageal ganglion, or brnia, is eompara- 
tively small in the Crabs, from the 
EniiiUncss of the cephallo appendices, 
which it supplies with nerves. 

1109, The infra-cesophagcal ma» 

in of great size, consisting of the whole 

chain of ganglia, which was originally 

extended along the body behind the 

oei^opbagus, fused into one mass. It 

sends out numerous branches to thi< 

surrounding viscera, and to the five 

BtTnuB sja cm, ro . pairs of logs which radiate from around 

that point, and the columns are prolonged backwards, ramifying along 

the short slender post-abdomen, as a simple nervous ohord. 




LESSON LXXIV. 



HKETOnS SYSTEM : 



hord. ^^1 



1110. In Insects the nervous system differs chiefly from that in 
the Myriopoda in having its primary divisions more definitely devel- 
oped, and in manifesting degrees of concentration corresponding with 
the increase of hulk and strength in particular parts of the trunk, 
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and in the locomotive organs appended thereto. Most Insects, how- 
ever, commence their career aa worme ; the high form vhich they 
are ultimately destined to attain in the, articulate scries, is at first 
marked by tbo guise of a red-blooded worm. 

1111. The larvte, which present larger and more perfect seg- 
ments, most of which are provided with legs or prolegs, have a gao- 
glionic centre for each eegmeut, and intermeiliute chorda. 

1112. This worm-like type of the nervous eyatem can be eeen in 
■ny caterpillar, and an illustration is given (Fig. 370) of the nervous 
^stem of the larva of the Goat Moth, Coisus Hffniperda — immor- 
taltxed by the wonderful dissections of Lyonnct, and the engravings, 
by his own hand, wliich gave effect to his labors as an Entomotist 
(one who dissects insects). 

The abdominal nervous columns of meects have been regarded 
by Lyonnet, Straus, Dufour, and Chiajc, no leas than by modern au- 
thorities, as analogous to the brain and spinal chord of vertebrated 
animals. There are at first thirteen pairs of approximated ganglia, 
eorresponding with the original segments, and extending along the 
middle of the ventral surface of the body, and the iBsophagus pusses 
downwards, perforating the connecting nervous columns between the 
first and second pairs of ganglia; in other words, the asophagus in 
insects passes through tha centre of the divided brain ; the Jirst 
pair of ganglia, therefore, are lupr a-cesopbageal (above the (Bsopha- 
gus), or cephalic, and alt the succeeding ganglia of the columns are 
beneath the alimentary canal 

1113. The ganglia, at first like those of the worm and centipede, 
are nearly at equal distances, and of equal size, like the segmenta 
themselves of the young caterpillar. The columns and ganglia, orig- 
inally separate (see Fig. S66, of the nervous system of the Sand- 
bopper, which, although a lowly cmstacean, illustrates tbb point,) on 
the two aides, early approximate transversely, and unite, and a slow 
movement of the ganglionic matter is at length observed in a longi- 
tudinal direction. These transversa and longititdinal movemeutA 
of the nervous matter proceed to a very variable extent, according 
to the degree of metamorphosis from the larva condition, to which 
the individual is subjected in the various adult forms of this class. 
Jn insects, as in the Myriopods, the first and second pairs of ganglia 
ue contained within the head, and constitute, together, the brain; 
the auoceeding piuts are generally placed near the anterior limits of 
llie segments to which they belong. The third pair of ganglia 
placed in the proihoraz (first division of the chest) appear to be 
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generKlly smaller than tbo fnurth ; and the fiM, in the mtsathorax 
(iniddls division of the chest), HDi&Uer than the sixth, coDtaiuetl in 
the melatkorax (lost diviaion of the cheat). 

1114. The gan^ia contained in the ahdomen, like tiic Begmeutc 
of that part of the body, are generally the leaat altered by develop- 
ment from their primitive condition; in tlie Coleopierous insects 
(Beetles), however, the majority of them become obliternted in the 
progress of development, and the like occurs in many of the Hmnip- 
iera (Tree buga). The last ptur of ganglia are genenilly the first 
to advanoG forward and unite with the penultimate pair la the Utvd 
stat«. 

1115. In the larva of a Lepidopierons iuscct (butterfly), the co- 
lumns are lengthened, and the cephalic ganglia widely separated to 
allow the cesophagus to pass between them. The first of these ganglia, 
equivalent to the cerebrum of man, gives oS the nerves for the sup- 
ply of organs of spfciai senae; these amount in caterpillara'lo piyAf 
pairs, in addition to the nerves which connect the upper witi the 
lower part of the brain ; the latter arc called the crura. They lik^ 
wise give off filaments to the small lateral ganglia (e) of the head, 
and to the commencement of the sympathetic scries of ganglia 
(Fig. 370), 

1116. Between all the snecoeding pairs of ganglia, a solitary 
branch is seen coming through the loop formed hy the divtsion of the 
chords in the nppcr part of the figure ; it divides into two branches, 
one passing to the orifice of t)ie spiracle (breathing mouth) on the 
right side, and the other to the like organ, on the lefl. These 
branches invariably come off above the ganglia. 

1117. Ninety years ago these structures were described by Ly- 
onnet, as motor nerves, and the fact that their ramification was dis- 
tributed to the musdos employed in respiration, favored this opinion. 
The opiuious of Lyonnet wore adopted and maintained by all suc- 
ceeding authorities, but 

1118. In the Limulus polyphemus, or King Crab, found in con- 
eidcrable numbers on the Jersey coast, the heart agrees with the 
figures given of the heart in Insects, i. «., a straight vessel, from the 
anterior chamber, terminating in (Areeuessflis, two of which are later* 
al, and descend down to the nervous ring surrounding the oesoplui- 
guB, the middle one being lost in the bead : thence a branch passes 
along the dorsal surface of the ganglionic ventral chord, invariablj 
giving off braDchea in front of each ganglion, — in fiwt the motor — 
and aa some authors have designated it, respiratory tract of InseotR. 
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If & small pipe be tied in the bcart, and injection (sise colored 
kith vermilloa) bo thrown in, these so-called n^rvea will be demon- 
atrated as arteries. If the aame espcrlraent be made from the heart 
(doraal vessel) of a oaterpillar, the like results frill be obtained, and thus 
establish the trne oharactor of thia Blrnctora in Inaects, Myriopods, 
■nd tbo lower Crustacea^ and demonstrate beyond all doubt that the 
•o-cttlled motor, and reapiratorj- nerves, iii all thetra animBls, are a 
system of arteries. Being always filled, however, with mhite, coagu- 
lat'd hlood, in death, the main trunk from which the branches arc 
distribated lying upon the upper surface of the gangliated nervous 
abord, and exceedingly minute and attenuated in structure, they 
much more resemble nerves than aiteriea. 



LESSON LXXV. 

iraSVOUS BT3TEM OF IN9K0TB. CONTINUED. 

1119. The Individuals composing the articulate sub-kingdom 
hav-e their bodies divided into a series of more or less dii^tinct rings, 
or iegmeni», arranged in a linear scries. This disposition is more 
ftpparcnt in those emimalfi which exhibit lowly organization, that 

JB to say, the Worms, Myriopods, and the larval condition of In- 
Mots. 

1120. Carefully examined, it will be seen that in structure, in- 
ternally, these seguients present merely a repetition of parts, and 
this statement is c<iuully true of the Tiervoiis system. 

1121. In the centre of each segment of a Gintipedt,oT a caterpil- 
lar, a nerve-knot or ganglion is invariably found ; from thia ncrvouti 
lOentre the muscles of the segment obtain their supply of nervous im- 

e only exception to this rule is in regard to the superior 
portion of the brain — the supra njesophageal ganglion — where we find 
tlie nerves solely distributed to the organs of special sonse, and to 
the development of the frontal ganglion, from whence the sympa- 
Uietic nerves arise. An illustration is given of the nervous system 
lOf the caterpillar of the Goat Moth, Cossus ligniperda (Fig. 370), 
Copied fWmi an original preparation. 

1122. The bilobcd ganglion, having a long transverse diameter 
[a), IS the supra- oesophageal ganglion, or brain; the nerves dis- 
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tribnted from this portion of 
the ncrvDOB ejetem are 
to the orgaoB of vision, fe 
taste ; supplying all the 
(IiL-votcd to special seoae- 
branchee arise from the aoterior 
(front) portioo wbich terminati) 
ia a sill 0,11 gaaglion, from w hich 
a delicate tierve arises. 

1123. TLis nerve ■ 
as it were, and waa hence 
by its discoverer, Lyonnct, lh» 
iiei-vus rtcurrens, or recurrent 
nerve ; it is distributed upou 
tlie oesophagus and stouuch, 
where it termuiates: this is the 
Blomato-gostrio (mouth stom- 
iiL'h), or symputketic nerve. 

1124. The superior portion 
of tbe brain is connected wilh 
the inferior or subMBsophageal 
ganglion (6), by a poir of nerv- 
'>u3 chords, widely separated, 
to admit the cesophagus {d), or 
truUet, which passes through 
iliis divided brain. The g rest 
necessity for auch 
niuiit of the nervous syat 
any animal, by which it 
dured imperative 'that the 
iiicntary canal should paw 
through the centre of the brain, 
ii-, that the superior portion u£ 
it (the brain) must neeossBrilj 
be always placed in the vertci, 
to !-upply the organs of special 
si'nso with nerves. The mus- 
ties of the jaws, &c, receivfl 
iheir supply of nerves from the 
inferior surface of the bnu, 
which, by the oontrivanoe rt- 
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the Bume plane ; and lastly, the protection of the 
system rcijuires it to be transFferred from the 



wrted to, 18 
bulk of the 

dorsal to the ventral aurface. 

1125. From its function of distributing the nerves of sense, there- 
fore, the brain requires to be plaeed in the superior part of the bead, 
kdjuceut to the organs which it is dcstiucd to supply with nervea. 
For a like reason (proximity to the structures to be supplied with 
nerves), and, as stated in the preceding paragraph, for superior pro- 
tection, the remainder of the nervous system is plaeed upon the ven- 
tral surface of the body, and this could only be accomplished by di- 
Tiding the brMn, and tranamittiog, the alimentary canal through the 
^ace thus formed. 

1126. All the nerves which arise from the base of the brain are 
rrwtor in their fimction, and they are, therefore, distributed to the 
.muscles of the jaws. Nerves arise from the lower surface of the 
.mb-teaophogcal ganglion, one on each side, which terminate in a 
minute ganglion (e) called lateral ganglia ; from these a few delicate 

)U8 twigs arise, which are distributed to the ■ muscles of the 
throat. 

1127. The first thoraoie ganglion («} ie near the base of the 
in ; its nerves are distributed to the muscles of the segment to 

which it belongs. 

1128. The second (/) and third (A) thoracic ganglia are remark- 
Able for their increased she, and the chords connecting them for 
their great divergence. Between the loops thus farmed a branch is 

descending from the inferior surface of the ganglia respectively 
(g, tj), and giving off a branch right and left. 

1129. This structure is continued throughout the entire nervous 
■ystem, the branches being invariably given off above the ganglions. 
]By careful dissection their ultimate branohes may be traced to the 
muBoles of lhe«respiratory organs, and hence they have been thought 
*o constitute a distinct respiratory tract, combining a motor func- 
tion. They arc not such, however, but simply a system of arteries, 
*nd these are the vessels which have been injected from the heart in 
Insects, and in the Limulua, as already described. 

1180. The remainder of the nervous system is simply a repetition 
Af what has been already described, until we reach the terminal, en- 
larged ganglion [k]. This is called the aiudal (tail) ganglion, and 
js formed by the junction of the 11th and 12th ganglions. 

1131. The most important portion of the nervous system of any 
limal ifl the brain, and wo present a much magnified view of that 
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organ be it appears in tho eame CnlerpiUar (Fig. 371), and the fol- 
lowing is the description of tlie nerves proceeding from it, and t' 

orguus to wiiich they are distributed : 




O, O. NwT« of the niiiMli 
P, P. Nerru uf tbs mnictt 
H. H. N«tv« lh«l dl.trtbiH 



hrmavlvn at tbi> pcwtcrior pordon 
GprrbellDoi and tlni thonKic ipini 



!c mnelion. 



1132. It would be easy to prcBent a further and ni 
view of the Cerebrum, chiefly for the more perfect deniun^tmtioD of 
those parlfl which are aomewhat obscure, from tho complexity of tW 
preceding figure, but want of space forbids it. 

1133. It has been shown that in the larval condition of an insect 
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the ganglia are remarkably symmetricfil, with the exception of the 
brain, each having to supply precisely the same nerves to the like 
organic structures. 

In the perfect insect, however, it is found that great absorption 

occurred of ganglions no longer required, and p„. g^ 

« corresponding deposition of nervous matter, to 
increase the size of certain ganglia trlioso influ- 
ence is JmperuttTe. In illustration of this fact, 
the nervous system (in situ, Fig. 372), of llip 
uatural size, is offered from the BlaUa Amci i 
vana (Amcricsji Cockroach). Here the abdomi 
nal ganglia (tQ are minimized, and tho ikor<iri~ 
ganglia are largely hnt unequally developed. 

1134. From these nervous centres it is ihit 
the large and powerful superior (wings) and in 
ferior locomotive organs (logs) obtain the nervous 
Influence necessary to the pcrformanco of their 
fan<3tious. The first thoracic ganglion (a) having 
aoly to distribute nerves to the smallest pair of 

is the least in size ; the second thoracic Nirvous irjiiom of Un 
ganglion (6) has to supply not only the intermc- aidmIcwk. 

pair of legs, which arc larger, but tho superior organs, which, 
irhilst they afford protection to the true wings, are also engaged to a 
limited extent in the action of flight. 

The third, and last thoracic ganglion (c), is required to give im- 
pulsion to the last and very powerful legs, at the aame time that it 
does the like to the real organs of flight — the wings. Here, there- 
fore, wo see a greatly increased she in the nervous centre, especially 
devot«d to this function. The abdominal ganglia (rf) supply tho 
muscles of the abdomen only, and are minute and uniform in size. 
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1135. The nervous system in one class of articulate animals yet 
jremainB to be eiaroined, the Arachnida. The class contains the 
JfiteM, Scorpions, and Spiders, and has usually been placed by natu- 
nlista below the Crustacea, and between it and Insects. 
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1133. These animals present a more concentratod form of the 
nervous system and of the heart than the animals previooaly exam- 
ined i the larger specieB likewise offer a higher condition of the 
respiratory eyatem, which ia leas diffused than in Inaecta, and in eome 
consista only of lur saca, or lunga, 

1137. Sut the moat eaaontlal mark of the superiority of the 
Arachnida is the course of their development The spider ouder- 
goes no metamorphoses comparable with thoee of insects. It ii &t 
no period of its development an apodal (legless) worm. 

113S. The head ia always, in the Arachnida, soldered to the 
cheat, which thus forms the cephalo- thorax before alluded to ; it ia 
also deprived of antenuie. 

1139. They all have /owr pairs o/;«js, which of Itself forms an 
important characteristic ; thua, an Insect ia divisible into three chief 
portions of its body, head, chest, and abdomen, to which neitlier 
more nor less than IhrM pairs of legs are superadded. 

1140. The Crustacea, like the Arachniiia, are divided into only 
two portions, head-chest and ubdomen, the tega being never less i3uM 
jive pairs, and frequently a greater number. 

1141. The majority, but not all of these animals, are, like the 
Insects, oir-breathing ; to this rule there are, however, some iixoc^ 
liona amougat the iliiei, and certain Spiders. 

1142. TheJ/iffs, aa their common name imports, are exceedin^j 
minute ; many of them, too, are parasitic. 

1143. Man is the victim of two epeciea of them, one tiie Demoia 
fallicvlortim (Figa. 245-'6-'T), being by far the most nunut« that 
has yet been discovered, and the other is the Acarus scabiiei, or 
the itoh animal. 

1144. That most loathsome of all diseases which afflicts humanity, 
the itch, and the mange in dogs, are both caused by the presence of 
a microscopical mite ; the apeelcs, however, in man and the dog, differ. 

1145. The animal vhich afflicts the human &mily is known as the 
Acarv^ scabiai, or by its more modern name of Sareoplts gold. 
An illnstratioQ of this animal is given (Fig. 248). * 

1146. This disease never occurs in any but very dirty people; 
through unpardonable neglect of washing the akin, the acouuiulation 
of matter constantly being thrown off from its surface, prodaoea 
disease, and this disgusting parasite, when all other means are 
neglected, comes, as a physician, to effect a cure ; this process it, 
however, generally a lengthy one, until the aid of a phyaiclan of 
another kind be invoked. 
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1147. From their remarkable minnteueas, we have no direct 
leBtimony in relation 'to the condition of the nervous Bystein in the 
2fiUs ; hut in the Scorpion 'we find tho principal maases or ganglions 
floncentrnted around the cesopbagus in the cephalo-thorikx. 

1148. From the small bilobed cephalio mass are sent upwards 
the optic filaments, in front fbe nervea of the large foreipatcd ctawe, 
and, backwards, the sympathetic nerves ; the Hub-ceaopbugGal gan- 
glionic columns distribute nerves to the great under jaws, and to the 
four pairs of thoracio legs ; two slender coutinuationa of the double 
OOlumuB are continued along the jointed abdomen, or tail, and aeven 
■mall ganglions are developed upon them, from whieh nervous fila- 
ments are diatribnted to the surrounding parta. 

1149. In Spiders the central masses of the nervous system are 
wholly, or in great part, concentrated in the cephalo- thorax. The 
lirain is a bLobed gan- ^^^ ^^ 

[ion (Fig. 373, e), send- 
forwards and up- 
.wards the optic nerves 
{o) from its anterior 
angles, and below thei^c, 
ihe two large nerves {m) 
%o the mandibles ; a short 

id thick collar encloses 
tiie narrow gullet, and ^<i<\-oya. sj-siptu ..( bimicr. 

(ttpanda into a second very considerable stellate or radiated ganglion 
(»] situated below the stomach ; it sends off five principal nerves on 
Mcb side : tho first [p), to the feelers of the under jaw ; the second 
(J), to the feelers of the under lip ; the tiiree posterior nerves supply 
remaining legs. 
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NEET0U9 Br STEM IN THE MOLLUBCA. 

1150. The nervous system in these animals is arranged on a to- 
lly different plan ttoia what we have seen in the Articulata. 

1151. In contradistinction to the uniform system of arrangement 
the nervous system, bo constantly displayed in the latter sub- 

igdom, the Mollusoa are remarkable for the unaymmetrioal form of 
I development. The cephalic ganglia, when two in number, are 
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sc-parated hj an interval of apai>e, and connected by a nervous chord 
wtioL pusses behind the (Bsophagos. 

1152. In the ArticnUta we fouud the alimentary canal inTariably 
transmitted throvgh a nervous ring which aurrounded it; thence the 
remaining ganglia were periodically developed at stated int«rvalB 
upon a double nervous chord, ezteading in the direction of the long 
axis of the body. 

1153. In the Mollusoa the ganglia are al ways eonneoted by crin- 
gle, not a double, chord ; moreover, the number and disposition of all 
except the cephalic ganglions, is extremely variable, and of these 
only one is met with in the lowest animals of the class. 

1154. Again : in the Articulata, the advance in the deve]o{ 
of the nervous system is most conspiouons in the organs peoulS 
animal life, and is chiefly manifested in the powers t 
and in the instincts which are so voriouji and wonderful in >^1 
of inseote. 

1155. In the Mollusca, on the eontrarj-, the organizing « 
seem to have been chiefly expended b the perfection of the i 
mental series of organs, and of those concerned in the imiQ 
preservation of the individual and of the species. 

1150. The Mollusca are so called on account of the n 
soft, UDJoiuted nature of their external integument. 

1157. In a large number of the lower orgamEcd Mo1]nsn,i| 
is no head, and no nervous centre is needed above the gullet fbr' 
reception of the impressions received by special organs of sense. All 
other Mollusca are providedAvith a head, which gcDerally Bupporta 
feelers, or soft tcntacula, eyes, and a mouth armed with jaws. 

1158. Amongst the lowest of the molluscous animals, is the class 
Tunicata ; in these creatures the nervous system is more radimcD' 
tory than we have described it ; only one ganglion has yet been dis- 
covered, from which the filamentous nervous system is distributed 
throughout the body. 

In Cynthia pupa (Fig. 253) the nervous system consists of a »d- 
gle ganglion (n) connected to a nervous chord which surrounds the 
respiratory orifice (a). Fine nervous twtgs are distributed to the 
large vibratile organs, and a chord (d), of more than ordinary di- 
mensions, commences at «, and parses down, without distributing 
branches, to the bottom of the sac, where it is lost. 

1159. The second order of the close Tunicaia, includes the Sal- 
//iam, which 6oat in the open sea, and are charaeteriied by thoir 
transparent elitatie outer tunic, which is elongated, compressed, and 
open at both extremities. 
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1160. The moscalar fibres of the clo^, or mantle, arc arranged 
In flutteocd bnuds (Fig. 374, s, «). The mouth aud stomach, the lii^r 
and the heart, are aggregated in a Bmall masa near the posterior aper- 
ture of the tunic (tt) ; the intestine (c) extends towards the opposite 
aperture {a], and terminates in the oommoii cavity of the inantlc. 
The brain aud nervous system are seen at /. 

IIGI. In Saipa polycraiica {Fig. 374), the nervous sjatcm irill 
be found beautifully developed, of which an enlarged view is ^von in 




'Fig. 375. The word Saipa is Greek, and means a small fishj poli/- 
■<ratica — -poly, niueh ; erntica, from kratos, strength. 

By reference to the figure it will be seen that the nervous system 

wnsiflts of two lobes, or ganglia, not separated by an interval of 

ace, but lying one upon the other. All the nervea are, without any 

[ception, distributed from the larger lobe, which is the equivalent of 

41ie base of the brain, or intra-oesophageal ganglion (6), and are dis- 

jlributed to all parts of the body; the analogue of the supra-<esopha- 

lal ganglion (a) sends off two branches at right angles, which ter- 

.Siinate in expanded lobes (c, c). Nerves are not given off from this 

ir lobe, simply because the creature is destitute of organs of 
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special sense, aud this portion of the brain may be considered as ru- 
dimentary. So, too, the transverse lobes (c, c), which form, in all 
probability, the elements of organs hereafter destined to become 
Optic lobes. It is curious, however, to observe that whilst the por- 
tion assumed to be the supra-cesophageal ganglion is uniformlj very 
dark in color, |ferhaps caused by a dense aggregation of ganglion cor- 
puscles, the lateral lobes are conspicuous for the great number of these 
corpuscles they contain, which may be distinctly seen in the figure. 

1162. From this remarkable condition of the nervous system, it 
appears highly probable that the Salpa, as such, is simply in a tran- 
sition siatCy and it may eventually happen that, when we have culti- 
vated a more perfect acquaintance with it, it will be found to pro- 
gress to another form, and a higher state of development 
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LESSON LXXVIII. 

NEBYOUB SYSTEM IN THE BBAOHIOPODA. 

1163. In the Brachiopods (hrachioriy an arm; pouSy a foot), a 
class of MoUusca which anciently existed to an immense extent dur- 
ing the secondary period, and are found most abundantly fossilized, 
but now restricted to three Genera, i. e,, Lingida, Orhiculaj and 
Terebratnlaj we have animals of great physiological interest. 

1164. In Terebrattda Australisy only one ganglion is found, as 
in the Tunicata, from whence the nerves are distributed to the vascu- 
lar mantle, the strongly ciliated arms (from which the class obtains 
its name), and to all parts of the body. It is very difficult to find 
this ganglion, and for a long time it eluded detection; it is beauti- 
fully displayed, however, in a preparation, a copy of which is repre- 
sented at Fig. 377, a. • 

1165. The Terebratula lives at a great depth in the ocean — not 
less than from sixty to ninety fathoms ; for security, it attaches it- 
self to submerged rocks, by means of a strong pedicle which projects 
through a hole in a beak-shaped prolongation of one of the valves. 
All the individuals of this class are bivalves. 

1166. The dorsal layer of the mantle (Fig. 376) presents a very 
interesting spectacle. At the upper surface two pairs of very short, 
powerful muscles (a, b) may be seen, for the purpose of closing the 
valves. These muscles are somewhat triangular in shape, and ter- 
minate each in a short, strong tendon, of great beauty, situate, at 
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J 'their suramit. A large and very capacione Tein (c, c) ions through 
I each side of tUe mautle, whioh divides into a great nnmber of Bmaller 
branches, distributed to the ontcr edge of the muntle. In the centre 
I of each of these veins, an artery (e, e) U diatributed, and ramifies 
pcrywhere upon their aurfaee. In addition to the vascular system, 
I oerroua filaments (/) are extensively distributed; they arc given to 
[ the muscles, and pass directly through the mantle to its edge. The 




are distinct in Tercbratula; thus the Ovarium, filled with egge, 
is seen at y, and the external thickened margia of the mantle at h. 
. Having to breathe under such an enormous weight and 
of water, something more than the ordinary form of respi- 
tatory apparatus becomes esBentially necessary, 

1166., There are no special organs of respiration in these ani- 
btals ; that function appears to bo performed by the singularly vascu- 
mantle, but accessory thereto is, doubtless, the very powerful 
B, with the no less powerful vibratile cilia. By their action, the 
of the mantle arc kept constantly laved with water for res* 
Ration, and as the fluid always makes a circuit in one uniform di- 
iteetion in this, as in other bivalves, the food which is contained in it 
■ conveyed to and appropriated by the month, which is abundantly 
flopplied with iis own vibratile organs for that purpose {Figs. 25G and 
'"pT,a, a). 

17 
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1109. Eaoli arm extends outwards, advanoca forwards, cnrves 
Blightly inwards, and bend^ abruptly back upon itself, the two parts 
of the bend being connected together; ttien the stem again curres 
forward, and bevomes united to the oorreaponding head of the oppo- 
site arm, the conjoined extremities dcseribiag spiral con vols liouH 
turned towards the dorsal voire ; the beut portione of the bi&ged 
amis are supported b; slender and elnstie oalcarcoas prooeasee. Id 
all the lirachiopods, the stem which supports the brachial fiioge is 
hollow. 

1170. In the Tarebratula, and Orbiculee, the sptrol terminations 
of the arms have their central canal surrounded by a double obliqoc 
scries of muscular fibres; the canal is filled with fluid, aud, bjr tlie 
contraction of the muscular fibres, the extremities are extruded by 
the preesuro of the contained fluid which is injoeted into them. 

1171. The structure of the alimentarj uanal, and it« aoceuory 
appondagoa, have been described in their proper place (p. 15d). 

1172. So, too, the organs of circulation, consisting, as some au' 
thors (Owen) have supposed, in a heart placed on either ^de of the 
alimentary canal, from whence the blood ia distributed to all partd 
of the body, especially to the vascular mantle. The probability that 
thcBc views are erroneous has been already stated (p. 158). 

1173. In the nervous system of Terebratula, we find a nervoun 
collar, with only one ganglionic enlargement, surrounding the reao- 
phagus — the ganglion being placed above the latter (Fig. 377, a). 
Nervous filaments are distributed to the ciliated anna (d), the adduc- 
tor muscleB, and to the vascular lobes of the mantle (b, b). 

1174. Two pairs of short, powerful muscles arise from each va.\ie, 
some of which are lost in the opposite valve, and others lost in the pedicle. 

1175. The pedicle is Burroundcd by an clastic yellow homy layer 
and a tubular prolongation of the mantle. 

1176. The true history of these interesting animals has been given 
in the following beautiful and graphic language, by Prof. Owen : 
" Both the respiration and nutrition of such animals, whiet exist be- 
neath snch an amazing pressure as a column of ninety fathoms (540 
feet !) of sea-water, are subjects suggestive of interesting reflectioaa, 
and lead one to contemplate with loss surprise the great strength and 
complexity of some of the minutest parts of the frame of these di- 
minutive creatures. In the unbroken stillness which must pemde 
those abysses, their existence must depend upon their power of excit- 
ing a perpetual current around them, in order to dissipate the water 
already laden with their effete particles, and to bring within the reach 



79.] NKBVODS 8SSTEK IN LA^IELLIBBAMCHIATA. 260 

B.-of their prehensile orgatin the animalcules adapted for their suste- 
p-nancu." The mieroseopical eaamiiiation of the contents of the ato- 




lachs of numerous Terehratuls, has uniformly disclosed to view 
Kpyriada of well known miuut« siliceous forma erroneously ascrihed 
f Ebrenborg to the auLmal kingdom. 



LESSON LXXIX. 
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1177. The relation of the contained soft parta to the biralve shell 
f the Brachiopoda is such that, in the Terebraiula, the perforated 
sire must be regarded as the inferior or central one, and the imper- 

r shorter valve the dorsal one. 

1178. In the Lamsllihranehiaia one tqIto is applied to the right 
tnd the other to the left aide of the animal. 

1179. The nervous syatem advances in a regularly proportional 
e with the complexity of the general organizatioQ, and especially 



with the muacalar sjstem ; the ganglion upon the posterior adductor, 
which is most conspicuous io tlio (h/sler, Mussel, Pevten, aod other 
Bivalves, is the largest and most conataoL 

1180. It supplies the branchige with their nerves, and !s called, 
therefore, the branchiai ganglion ; but it distributes an equal share 
of nerves to the posterior dorsal and anterior parts of the mantle. 

1181. Id the common Mussel {Mt/tUus edulis) the labial or 
cephalic gauglioas may be distinguished by their rose color (when 
fresh) at the base of the labial processes (a. Fig. 378). They arf 
eoanected by a. short transverse nervous chord (6), which passes be- 
hind the mouth. From each of these gangliona two principal utirves 
are given off, one passing forwards to the anterior adductor (q), tbo 
other baetwards along the base of the foot and the Tiscenil luaas bi 
the posterior adductor (g, g]. At a short distance from the aephalic 
ganglia this latter nervous chord (^, g) sends off a branch (c, r), 
which terminates in a ganglion at the base of tbo foot (li) ; hb eadi 
of these branches ends in a ganglion, for the nupply of nerres to thi' 
foot, they coalesce, and a bilobed pedal (pet, foot) gnngl ion is formeJ 
The e^kalic (a), pedal (d) and branrhiat (A) ganglions, coustitntii 
the important centres of the nervous system in this and other bi- 
valves. The pedal ganglia distribute nerves in one direction to tbt 
retractors of the foot^ in another to the substance of the fool 
(/) itself The branchial ganglions (k,h) send off ne^^-cs, which are 
distributed principally to the breathing organs (m, m), and two 
large ncrvea which diverge as they pass over the adductor 
muscle {j, J), to proceed to the base of the tentaoolar prt>ce«es 
guarding the posterior lobes of the mantle ; theao continue *" 
margin of each lobe of the mantle, until they meet and m. 
(join) with similar branches, which are continued over the a 
adductor muscles deaeending from the cepkaKc ganglions. 

1182. The moat remarkable fact demonstrated by the p 
tion of which a copy has been given, is the surprising and persistent 
connection of the ganglionic centres ; throughout this nervous wysteni 
it invariably occurs that .i nerve which basils origin in one ganglion, 
terminates in another. By this means the oephalie ganglions are 
connected, and the oirouit made perfect. 

1183. The nerves (c, c), which arise from the cephalic ganglia 
respectively, terminate in d, d, the pedal ganglia, whilst these, in 
their turn, are connected by the looped nerves,/,/, 

1184. The cephalic are counccted with tlie branchial ganglia. 
through the medium of tho dorsal chords, g, g ; one branchial gau- 
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^on ootmects with its fellow, bj the ageooy of the comnuBBursl 
pBrve, t. 

The demonstration of the figure is as follows : 




A/. 



In nnglli It ibaiaie of tho tioL 

H fram ttas pcde] (noirlln dlitribatad to thi> fuoL 
. b wUoh ongiiMjo Ld tbd ev|ibiU1n gugib, Knd tnnn 



L Bnuuib fhiin^lmncblbl HArwllaD^ dlfttriltiiUd to the nnaterlnr part oT thfi 
I, NtrvAO dUtribtired tn tbu olIK nirmlnj; tbe Amn^M/ i>/ai-W9. 
1. TmsliMl Dsrru from tbebruchloJ plBiu. ending Id tbo cepli 



BtTTH dlitilbnlad to th« ulerior ulduci 



snding in vxo cophnllc guifliii. 
am (<rpbm)l( mnglU, ud lUstrlbuted tg U 
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11S5. Tbo respiratory, or brancbial nerves, hare tbeir origin in 

tbe branoliial ganglions on either side ; they aBcond one lamollu of 
tie gilU, giving off nnmerous minute branches, and forming plexuses; 
tbe main respiratory trnnk then deacendB the next lamella, ^viug off 
its plexuses by tbe way; arrived at the lower portion, it again as- 
cends, bnt prior to doing this it sends olf u bnuicb to the fourth and 
last lamella of the gills, when the main trunks ascend lovingly eidc 
by side, giving off their minuto plexuses by tbe way, till tbey reafh 
the BummiL Here the fourth lamella gives off the (now attenaated) 
main nerve, which receives a branch from the third laraolta, and con- 
tioues its course till the circuit be completed in the cephalic ganglion. 

1186. Tbo pallial (pallium, a cloak or mantle) nerve, j, also 
ori^nates in the branchial ganglion ; we trace it tbroughont the 
circumference of tbe mantle, accompanied by its fellow, k, til] we 
lose them botb at the anterior portion of the body, in the cephaiie 
ganglion. 

1187. The post-pallial nerves {I, I) arise from the branchial 
ganglion on one aide, and form a loop which termbates in iho other; 
to end this surprising history it is only necessary to add that the 
sympathetic nerves are given off by one oephalio ganglion, anil end 
in tbe other. 

1188. Reasoning from the facts adduced, it woold appear that 
the principle (so far as is known] firstly enunciated in a LameUi' 
hranckiatt mollusc, continues through tbe classes till it (probably) 
culminotea in man ; it ia very far from reasonable that such an ar- 
rangement pertains to these creatures alone. Whenever our diffiecv 
tions of the nervous system of man and tbe higher animals beaomv 
more perfect, it may result that the like connection of the great 
nervous centres is equally complete. 

The looping of terminal nerves in man and the higher mam- 
malia is well known, as witness the nerves in muscle. Fig. 352; this 
seema to be confirmatory of the principle here shown to exist, exten- 
sively, throughout the entire nervous system of an animal. Should 
such an arrangement be generally true, there would be no difficulty 
in understanding the phenomena of the reflex action of the nervraa 
system, together with other and important pbenomeaa in eonnectiou 
with peculiar nervous affections, to which poor humanity is prone. 
The series of preparations in which the foregoing facts are recorded, 
were disBeoted for tbe Hunterian Museum, where they still remain. 
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LESSON LXXX. 

JISBTOUB fiTSTEM IN THE OABTEKOPODA. 

1139. The meanbg of this word hoa already been given, and it 
will be nt once appurcnt tliiit its applioalion is to the slugs and 
tnailt, whether inhabitants of the earth, fresh watera, or of the 
ocean, the whole of which progress upon their belly-foot. 

1191). The majority, but not all, of theae animals are androgy- 
nous (aner, a man ; guni, s, woman) j both sexes are combined in 
the same indiviiluaL 

llDl. From the great power of locomotion possessed bj this 
class, it IB evident that the muscular system has acquired an inorease 
of development as compared with tlie LaTnellibranckiata, and, cor- 
responding to this, is the increase in development of the nerrons 
system, and the development of a brain. 

1132. Thus we observe, in tbe lowest and least locomotive 
Gasteropod, a tendency in the nervou.t system to be aggregated at 
the forepart of the body, the cerebral ganglions rising more to the 
npper surface of the now well-developed head, and the branchial and 
pedal ganglions beginning to concentrate themselves about the 
mouth. 

1193. In the slug and ana.it the principal centres of the nervous 
system are a supra- coso phage a1 and a sub-cesopbageal ganglion, but 
the complex character of the latter and larger mass is indicated by 
the triple nervous chord, which completes on each side the collar 
round the alimentary tube. From the inferior mass the nerves 
radiate to the muscular foot, the soft and eusocptiblo integument, 
and the circulating and respiratory organs. The upper ganglion 
gives off the large nerves of the tentacles and ocelli ; it also commu- 
nicates on each side by two minute filaments proceeding from its 
posterior and outer angles, with a. small pair of sympathetic ganglions 
situated on the side of the oesophagus. 

1194. In the Bulla ligtiaria (Fig. 379) there is a small lobed 
ganglion (o), anterior to the usual cephalic ring (s), which is situ- 
fttod below the bulb of the oesophagus. The cephalic ring (e) sur- 

j lounda the cesophagus, and at its aides are seen two large tri-lobate 
S^iigl'^ (/)< vhich send numerous branches to the surrounding mns- 
colar parts, and two long branches (A, A) extend backwards from 
them, along the sides of the abdomen, to two Bymmetrical ganglia 
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(i, i) placed above the miiecular foot. Behind these arc two syni' 
patbetio ganglia (k), which seud filaments to the digestive orgaits. 

1195. In the sim^lo form of the nerrouB Bystcni preseDtt.'d by the 
Carinaria Mediierranea (Fig. 380), there is a cWo aDulogj- with 
the ordinary diBpoaitioD of tlie symmetrical detached nervous oolantia 
along the ventral surface of the abdomen iu the iiihobitaata of bi> 
valve shells. Lobed gauglia (g, h) are found iu this animal nt the 
sides of the oesophagus, and a transverse nervous bund (i) connecting 
them, and cncoropaasiag that passage. From this nervous tesoplw- 
goiil ring (i) the two optic nerves pass lutcrall_v to the eyes {/■/), 




and the tentacular branches pass upwards and forwards ti 
Blender teiitacula {e, e). Numerous bronohcs extend downward! i 
laterally, to ramify on the umscukr parietes of the abdomen, and 
two principal trunks (k, k), extending backwards along the ventral 
enrfaee of the abdomen, meet with a large compound quadrilobalD 
(four-lobed) ganglion {q) behind the stomach, and above the di- 
verging muscles of the compressed foot. These two ventral (belly) 
detached and converging columns {k, k), estending from the aeo- 
phageal collar to the middle or pedal ganglion (q), can be traoed 
backwards from these ganglia, &loog the lower surface of tbc ab> 
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domina! cavity beneath the intestine, to near the caudal extremity 
of the tnink. A branch, couatitntiDg tlie sympathetic, cstenil4 
'directly backwards from the brain, or (esophageal collar, and is dis< 
toibuted to the viscera. Numerous branches como off from the 
fedal ganglia (3), to ramify on the muBoles of the foot and surround- 
ing parts. The lateral gungtiu of the nervous {esophageal collar are 
'tile parts from which the two principal nervous chords are derived, 
which extend backwards beneath the abdominal viscera. 

1196. The Buecinum (Whelk) and the Harpa have the greatest 




Ttion of the ganglionic matter of the ceaopbageal nervons ring ac- 
lulated in a cerebral position above the entrance of the alimentary 

jfti, as shown in the annexed figure of the Harpa ehngaia (Fig. 381). 
1197. The mantle (o) is opened to show the branchlee {d, t) and 
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the siphoD (c) on the left side of the figure. On opening 1 

terior part of the tmnk the retracted proboscis (r/), v 
(/[), are ecen extendiog backwurda to the right of the brain (i), wtiich 
rests on the inferior turn of the cesophaguB. From tliis cerebral 
mass (r) hu-ge neirea are seen cztcDding forwards to the head ((), 
the t«ntiLcuia, with the eyes, at their bufie (s, c), and to the broad 
fin-like anterior fold (a) of the long tapering foot. Other nerroos 
chords are seen extending downwards to the ventral surluee of the 
abdomen, and backwards to the sympathetica which sapplj the ab- 
dominal viscera. 

1198. This gradual concentration of the gangtionio matter of the 
great (esophageal nervous ring of the Qasteropods into » cephalic 
poBltion, taaj be regarded as preliminary to its enclosure in a dislJoet 
crania] covering — a condition which it attains in the Cephai«poA 
{kepkale, head ; pons, foot). 
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1199. These animals are named from the GvevlL, pttnm, swing, 
and poui, a foot, and are so called from the peculiar wing-lilie form 
of their sole locomotire organs, which are placed near ibe bead. 

1200. All the animals of thin class are minute, the largest {Clio 
boreoMa) not exceeding an inch in length. They are marine, and 
found for the most part in the Arctic seas, where they exist in im- 
mense shoals. Some of them arc encased in an extremely delicate 
shell {Hyaiea) ; others, like the Clio, are naked. They constitute, 
especially C borealis, the chief food of the Whale, which is unable to 
swallow any thing of larger size than the creatures now under con- 
sideration ; and of these, from the smallness of its OBsopbagnB, it can 
only take one ai a time. 

1201. The nervoDs system in the Pteropods presents the aUDS 
general plan, and the same varieties of form in its cephalic masses, as 
we have seen ezistingin the Oast ero pods, especially in the naked spectea. 

1202. Thus, in the Clio borealis, there is a double nervous ooliar 
around the cesophagus ; two small ganglia approximate to each Other, 
to form a bJlobate brain (a) (Fig. 382), and are placed above (he 
oesophagus, immediately behind the lips, and indicate by their di- 
minished size the imperfect development of the organs of the senses 
in this animal, which scarcely presents a trace either of eyes or ten- 
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t&onla. Behind these central ganglia arc two larger 
lateral ganglia connected together hj & transvcrBC 
band below the cesophagas, and which supply the 
principal nerves to the muscukr-cloEcd mantle en- 
veloping the traob. Two nervous bands proceed 
from each of this middle pair of ganglia, one of which 
connects them with the cerebral, and another proceeding backwards 
connects them with a posterior pair of ganglia, which arc united by a 
e chord above the (Bsophngus. 



CSFBALOPODA. 

1203. Tbe nearest approach lo the vertebratcd form of the ner- 
vous system is that presented by the Cephalopoda, the highest of the 
moUnsca, and of all invertcbrata. The brain is enclosed in a dis- 
tinct cranial cavity, numerous symmetrical ganglia are developed on 
the great nervous axis, both before and behind that organ, and sym- 
pathetic ganglia are observed in the abdominal cavity. 

1204. The principal masses of the nervous syHtcm of the Pearly 
NatitUtu (Fig. 383) arc concen- 
trated in the head. The snpni- 
<ceophageal part, or brain (a], 
presents the form of a short, thick, 
transverse, round chord, or cuni- 
tnissare, connected at each ex- 
tremity with three ganglionic 
masses. The middle and supe- 
rior of these (b) supplies the eje 
And the inferior hollow tentaou- 
liform organ ; the anterior and 
inferior ganglia (c, e) meet their 
fellow below the (esophagus ; the 
posterior ganglion (d), in like 
manner, joins that of the oppo- 
rite side and forms a second and 
posterior cosophageal ring. The 
nerves given off immediately 
from the snpra-oesophageal gan- 
glion supply the muscular and 
other parts of the mouth, and 
have small pharyngeal ganglions 
developed upon them. The an- 

tabor (esophageal ring gives off Nericui lyttcm of Ibn Peulj Nuntlliu. 
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principally the nerves to the tentac^la (f^f)^ and the two me- 
dian ones (g^ g) are connected with a ganglion (A, A), which supplies 
the tentacuia of the inftrior labial processes, and the lamellated 
organs on that part of the oral sheath. The tentacuia nerves are 
continued, like those of the arms in the higher cephalopods, along 
the middle of the tentacle, attached bj loose cellular tissue to the 
vessels of the part. The posterior collar gives off numerous nerves 
(m) of a flattened form, which supply the muscles of the shelL The 
respiratory nerves form a small ganglion (q) at the base of each pair 
of gills, from which branches are sent to those organs, and to the 
heart. A plexus of more delicate visceral nerves (r) is continued 
backwards along the interspace of the branchial nerves, and the chief 
branches are connected with a small ganglion situated upon the 
stomach ; the ophthalmic tentacuia derive their nerves (n, n) from the 
immediate vicinity of the origin of the optic ganglion. The hol- 
low plicated process beneath the eye, regarded by some authors as 
the olfactory organ, likewise receives its nerves from the extremity 
of the supra-oesophageal chord. 
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LESSON LXXXII. 

NERVOUS SYSTEM IN THE FISHES. 

1205. The great axis of the nervous system occupies entirely a 
dorsal {dorsum^ back) position in the vertebrated classes ; it is en- 
closed in an osseous (bony) sheath or spine, which is continued over 
its posterior prolongation, and it is nowhere perforated by the ali- 
mentary canal. 

The fibrous structure of the encephalic portion (brain) which \b 
perceptible in the Cephalopoda^ becomes more distinct and obvious as 
we ascend through the vertebrated classes ; and that anterior part 
of the nervous axis becomes likewise proportionally larger, leaving 
only slight traces, in the fourth ventricle, of its original opening for 
the passage of the alimentary canal. 

The spinal chord, the medulla oblongata, Uie optic lobes, the 
cerebral, and cerebellic hemispheres, form the most constant de- 
ments of thb axis, but their relative and actual developments vary in 
the different classes. Though much varied in the extent of its de- 
velopment in the different classes, there is great similarity in the 
successive stages of the development of thb system in the embryos 
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oi all the vertebrated aDimals, and great uniformity of plun in all ite 
^ult foruiH. Beginning with the two ooluuiua of the axis, like the 
two chorda of a. worm, it becomes reinforced bj filaments from every 
fart of the periphery, and gradually receives its gangliouia enlsrge- 
jnentE, aa iu alt the inferior tribes, where they are moat required by 
<the developing organa of the body. The great aympathetio or nervooe 
system of organic life, which is extended along tbe upper, or dorsal 
^de of the ^mmetrical axis in the inverted bodies of tbe urtioalata, 
'\t here developed along the ventral or under surface of the spino- 
icerebral {spinf, brain) axis, and like the sjmpatlictic system of the 
'.iiighest articulato, it is enclosed with the viscera, in a cavity distinct 
from that which envelops the nervous axis of animal life. 

1206. In the long, worm-like form of the lowest fishes, as tbe 
Sjamprwy, the Pride, and the Oastrobranr.kus, the two slender col- 

s extending along the back, and scarcely protected by a cartitag- 
ioous {cartilage, gristle) sheatii, are acarly without cerebellum, and 
destitute of ganglionic enlargomcnts in their course to the head, 
where the minute cerebral elements are enclosed, like the ganglia of 
a Cephalopod, in a cartilaginous tube, consisting of a single piece, 

1207. This simple condition of the asis, presented by the lowest 
.SaheS) resembles the primitive development of this system in the 

highest vertehrata before the extremities begim to shoot from the 
lesof the trunk. 

1208. In fishes, aa in Cephalopods, where a largo exterior surface 
of the skull is rei:[uircd for muscular attachments, the minute brain 
does not fill tiie cavity of the cranium, and the space between the 
dura maier, which lines the skull, and the pia. mater, which invests 
the cerebral organs, is occupied by the soft, tronspar 

leeUular tissue of the arachnoid < 

'ti>rotigb the vertebral canal, enveloping tbe spinal chord. 

1209. The spinal chord is nearly equal in its devclopftient 
'throughout the vertebral column, even in many of the osseous fishes, 
from the amallnesa of the arms and legs not requiring those enlarge- 

' mentfi which we observe in most higher animals, where the nerves 
ue larger and more powerful extremities are given off. 

1210. In species which have the arms of great magnitude, as 
syj, and Flying-Jtsh's, there is a proportionate development of the 

upper enlargements of the spinal chord. 
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LESSON LXXXIII. 

HERVOTJB BTSTEM IS FISHES, CONCXDDED. 

1211. In the Trigla lyra (Fig. 384), where the pectoral fi 

of gtcut size, a series of ganglionic enlargementa {b, b) of the sptnsi 
chord (a) are observed at its upper part, which corresponds iu num- 
ber with tlie uumber of the large detached rays of the pectoral &ns 
presented hy the different species, Trigla cucullus Laviog five en- 
largements and five detached rays, and the Trigla lyra having nx 
of each. 

1212. The demonstrntion of the figure is as follows: The spinal 
chord is seen at a. The medulla oblongata which coneists of six 
gsogliouicenlurgcmcntsat &,d. Ale,d, the uerebcllam iB seen, and the 
cerebrum at/. In this superior portion of the brain, the optic lobes 
(s, «), the olfactory lobes (g), and the olfiictory nerves (A) are found. 

Fill. 894. Flo. 855, 1213. The posterior «xtreim> 

ty of the spinal chord is som«- 
tiniee sensibly enlarged where 
nerves proceed to the mUBcles of 
a large caudal (tail) fiu, and in 
abdominal fishes (an order lo 
called from the attuebmcut of the 
ventral fins to the abdomen, be- 
hind the pectorals, or ehnt fins), 
an enlargement is observed, cor- 
responding with the vcntrxl, or 
bdly &ns. 

1214. InfrontoftbemeduU* 
oblongiita and cerebellum in os- 
seous fishes, there are three pairs 
of rounded lobes placed in front of each other along the floor of the 
cranium, and occupying but a small portion of that capaciotis cavity, 
as seen in the brain of the Conger etl [Muroma conger. Fig. 385), 
where these three pairs of lobes are nearly equally developed and 
similar in form. 

1215. The spinal chord is shown at a; to this sucoeeilfl the 
cerebellum (h). The cerebrum is marked e, containing the optic 
lobes (c), the olfnetory lobes (/), the olfactory nerves ((/,y), and the 
pineal gland {d). 

1216. The posterior pair of lobes (c), immediately before the 
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flerobeUnm (i), are the optic lobes, which nre hollow internally, as ia 
the human embryo, and give origin to thu principal fibres of the 
optic nerves. 

1217. The second or middle pair of lobes (e) arc the cerehrai 
hftiispherea, which here, os in the human embryo, are destitute of 
i&temat ventricles, and without external coifvolationa. 

1218. The anterior pair [f) arc the olfactory tubercles, which 
entirely appropriated to the olfactory nerves {g,g). 

1219. In the Trigla lyra, where the medilla oblougata (Fig. 384, 
h, b) is marked by ganglionic enlargements, and the cerebellum [c, d) ia 
proportionally small, the optic lobes (c, e) are much larger than the 
aerebral hcmigpheres (/), and the olfactory tubercles (^) are much 
Inferior in size. 

1220. In most fishes, as in the earliest condition of the human 
brain, the optic lobei arc larger than the bemisphores; they are 
■mooth and gray on the outer surface, and destitute of the transverse 

ijmlcua (a furrow), which gives them a four-lohed (quadrigeminous) 
^pcaranco in the adult mammalia ; thoy are hollow within, and 
kave their inner wails lined with white medullary fibres. The ven- 
trioles of the optic lobes communioato freely with each other, and 
lliey open behind by a narrow aqueduct, into the foortli ventricle 
beneath the cerebellum. 

1221. The interior white medullary walls of these two lateral 
iWvitiea meet above on the median line, and form an extended com- 
niasure; they descend along the median line to form a prominent 
ndge, but not a complete septum, between the ventricles. 

122. Finally, the optic lobes of fishes, like their medulla oblon- 
gata, are larger in proportion to the cerebral hemispheres than in any 
fDf the higher vertebrata, and they present the same great propor- 
kras the earlier we observe them in the human embryo. 



LESSON LXXXIT. 

NERVOUS BYSTEU IN EEPTILEB. 

1223. In the Amphibia, and in tho larva state of thoso which 

e the gills, tho apinal chord, the mednlla oblongata, and the cere- 

I parts contained within the cranium, present tho same proportions 

H>d general conditions which we obaerve as permanent characters in 
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most of the oseeous fislica ; but the cerebellum is generally amaller in 
amphibia, and reptiles than in all the other vertcbnita. 

1224. As in the loner fiBties, the spinal chord in these mferlor 
forms of amphibia is prolonged, Bmatl, and tapering, vithout distuict 
enUrgemout vhcre the nerves usually come off to the arms and to 
the legs. The medulla oblongatu is yet broad and lobed, the c«f9- 
bellum in form of a very small modian transverse lobe without hem- 
ispheres, the optic lobes large, gray, smooth without, hollow wil 
and quite espoaeil, an^ the cerebral herolspheres extending 
tudinolly, without interna] ventricles, and smaller than the 




1226. The metamorphosis of the antmala of tliis class, prone 
each phases, ohanges the condition of their nervous systciii, from that 
of the lower fiahea, to nearly that of ^e reptiles above them, In which 
Fio still, Fiu ■■ii' "" "i*t'^'"<"T'i°*'* oeoure; and these changes in the 
nervous system are effected so rapidly, that we can 
pcrecivo a narked advaneonieut in the dcvclopmsit 
of the nervous system of the Tadpole produced in 

1226. In the Tadpole of the common frog, on 
the fourth day (Fig. 38Q), the spinal chord is per- 
ceptibly enlarged at its posterior part (a), and also 
the medulla oblongata. The cerebellum (6) h 
scarcely visible, esteoded across the median jilaln; 

the optic lobes (c), and the cerebral hemispheres {«) 

fJ^^ EStt"^ ^'■° ^"'*^' """row, and so far separate longitudinal- 
Wlh iMjt. \y as to expose the optio thatami (d). 

On the following, or fifth day (Fig. 3S7], besides the general in- 
crease of the spinal chord (a), the cerebellum (b) is perceptibly en- 
larged, the optic lobes (c) are proportionately broader and shorter 
and the cerebral hemispheres (e), locreased in every direction, be^ 
to extend backwards over the optic thalami (J). As the tadpole wir 
Tances in its development, and the legs and arms are extended ftom 
the sides, the posterior and middle enlargements of the spinal dhorl 
are proportionally increased, the cerebral hemispheres enlarge, bat 
they present no convolutions or ventricles. The anterior oxtremi^ 
of the chord is enlarged from the first, as it gives origin to the crani- 
al (head) nerves, and the posterior end is enlarged for the cauda 
equina (the termination of the spinal chord in man, and other ani- 
mals, is supposed to represent a Horse's tail, and is thus named — 
Cauda, a tul; equina, a Horse). 
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1227, Tte changes effected in the Bervoiw BjBtem of the higher 
■mphibia closely resemble those produced by developmc^nt in the 
IraiDiiD embryo. Their sympathetic vervee, and ganglia, too, are 
teore distinct than in the class of Ssbea. 

1228. By comparing the nervous system of the adult Frog 
{Fig. 388), with those of the tadpole during the period of early de- 
velopment, great and important uhungcs will be apparent. Thus, 
Ihe olfactory ganglia and nerves (nerves to the nose), which did nut 
•t all appear before, are now well formed {a} ; the cerebal hemis- 
liheres (6) are greatly enlarged, the optic lobes (c) well developed, 
tad the cerebellum (dj remains bo small that it does not cover the 
fourth venirit^, or carity left by the divergence of the columns of 
ihe spinal chord (e) ; the cauda p^^ ^^^ p^^ ^^ 
equina (/,/) is also well produced 
St the period of mature growth. 

1229. From the foregoing it 
irill be seen that the chief advance 
in the development of the Reptile 
Vrain, as compared with that of 
Tishes, consists in the greatly in- 
'Oreased siie of the cerebral hemis- 
fihereB over the optio lobes, hut the 
.oerebellum is Bmaller — so small in 
Ae Frog that it does not even cov- 
•r the fourth ventricle, and this is 
oommon to nearly tho whole class. 

Id confirmation of these facts a 
figure is given of the brain of the 
Turtle (Fig. 389); the olfactory 
gaiiglia (a) are largely developed, 
and form, with the eyes, tho most important organs of special senBe. 
The cerebrum [b) is enormously produced, as compared cither with 
the optio ganglia (c), or th? cerebellum (li). 
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ITKBTOCe BTBTEM IN BIEDB. 

1280. In this class the cerebral hemispheres attain a great in- 
oreue of development, and arch backwards, so as partly to cover the 
18 
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optic ganglia, and tbcse aro sep&rated fmm enoli other and ttm>wn 
to either side. 

1231- The cerebe1]um also h mnch iDerenaed in Bine, proportion- 
ally to the medulla oblongata and its ganglia; there ie, lioirerer, no 
appearance of a diTision into hemispheres. 

1232. The optic ganglia bear a considerable proportion to the aie 
of the cerebrum; they are still hollow, as tbey ore in lite embryo 
condition of man. We shall hereafter see that the brain of the Hn- 
man embryo bears compnriaon in many respects to the brain of tha 
bird. 

1233. The great increase of the cerebral hemispheres, arching 
backwards orcr the Thulumi, and optic ganglia, but duatitnte of «»• 
fuIutioQ^ and imperfectly conneclcd by coinraisaiireti, — the lorgQ 
cavity still exiHting in the optic ganglia, and freely L-unimnnicating 
with the third ventricle — together with the imperfect evolution of 
the cerebellum — make the correspond en ce in the two very rcmarlreble. 

1234. In the earlier perjods of the Old World, Birdii appesr to 
have been connected with the Reptilcfi, through the flying Liurd, 

if.n win *"■ PtB^odacli/!uSj remains of which animal are now only 

found in B. fossilized condition. 

1235. It is very rastructive to exaToine the broiu 

-if the chick, after two days of incubation (Fig. 890). 

Wo here see tliat the two halves of the apinal chorJ (a) 

arc united posteriorly, and form the vesicular cnlargft- 
-Dt {b), corresponding to the cauda efpiina And palvio 

jLla.tiiticn of the adult. The cervical and dorsal ver- 

tcbrw begin to embrace the anterior (/) portion of the 
■yn«n ut chord, aud tbree vesicular enlargements are seen on the 

cephalic portion of the nervous axis. The posterior (e) of 
these enlargomente forms the rudimentary lobes of the medulla ob- 
longata, the middle dilatation (</) constitutes the outline of the optio 
lobes, the anterior (e) and smaller cephalio enlargement forma the 
embryo condition of the cerebral hemispheres in the ehick, and all 
these lobes are disposed in a longitudinal direction, aa they are found 
in fishes, and in the embryos of mammalia. 

1236. In the brain of the adult 5io/A (Fig. 391), the largo eerp- 
brum (d, e) is partially divided into lobes; it covers the optic thah^ 
mi {iluilamvs, a bed-chamber, bed of the optic nerves), and contatni 
a small ventricle, which extends forwards to the olfactory (nerves of 
smell) tubercles (/). 

1237. Thcae latter commence from two medullary tracts (A) on 
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t &0 inferior surface of the hemiapberes, and bvpcr forwards to the 
I' olfactorj nerves. The optic lobes, from wheuoe the optic uerves 
^, are shuwD at o, the nerree of motion of the eje, or motor ocvii 
\ {g), are also well developed. 

1238. The large cerebellum (m), with its lateral lobes (2), is also 
I' well Been j the medulla oblongata (C) termiuates iu tlie apioal 
f chord (a). 

1239. An illualratiun is offered of the brain of the BuzEard 




■ (Fig. 392] ; the olfactory ganglia arc entirely eoncealed, in this view, 
y the great siie of the cerebral bemispberea (a). The optic gan- 
a (fi) are Been of large size; the cerebellum (e), aud the pbeol 
uid (d)), nith (e) the spinal chord, completes the Tteir. 
1240. The Gcugitive spinal nerves of birds have the ganglia larger, 
lind approximate more nearly to their ori^n than in reptiles ; and 
rom the retraction and high termination of the spinal chord, as well 
m the comparative magnitude of the legs in this class, the posterior 
Utglionic enlargement is remarkable for its size, and at this place 
) motor and sensitive roots pass out through separate foramina 
ftoles) of the numerous sacral [sacrum, the back) vertebrie, 

The twelve pairs of cranial nerves are distinct, as in reptiles and 
mmalia. The smalloess of tbe facial nerve corresponds with the 
Rhtunobility and insensibility of tbe superficial parts of the face, and 
Hie magnitude of the acoustic nerve, with the great development of 



Uieir internal ear, and their acate sense of bearing, cspeciaUy in noo- 
turnal birds. 

The spinal nerves are chiefly cervical (e«rvix, the neck), and aa- 
oral {sacrum, the lower part of the back), from tbe cumber of ver- 
tebrae composing these parts of tbe ooluntD. 
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HSBTOCB STBTEU IN UAMM&UA AND MAN. 

1241. It has been Bhonn that the nervous eystem in the ti 
animals possessing such a structure, exieta in tbe form of a 
chord, presenting a lengthened axis, and in the £ntoeoa K 
ganglion is found. 

1*242. To this enccecds a douhU chord, and with this ^ngle or 
double chord, ganglia, or knots of nervous matter, varying alike in 
situation and number, are associated. 

1243. Thus, ill the lower Articulata, we find a ganglion, or little 
brain, or nervous mass of reinforcement, placed in the centre of «aob 
segraent of the body, which are motor in their function, and supply 
nerves only to tlie system of muscles found in the segments respeo- 
tively. The neri-es of distribution are uniform in number, and dis. 
tributed to similar structures in each instance — the only exception 
being inrelation to the sup ra-msophogeal ganglion, or brain, the nerves 
proceeding from which, with the exception of the sympathetic nerves, 
are distributed solely to the organs of special sense. 

1244. In the Leech we found only eyes to be supplied, am) thus 
the brain distributed only optic Tterves, and may be considered as 
simply an optic ganr/lion. In this animal the lower portion of the 
brain, infnwBsophageal ganglion, greatly exceeds the superior portion 
in size — the muscles to be supplied with nerves being mucli more 
abundant than the organs of special sense. 

1245. In proportion as organs of sense are increased, so will the 
brain be found to increa.'^e in siie, and the greater will be the num- 
ber of nerves distributed from its superior portion ; compared with 
the Leeuh, a Caterpillar claims a much higher organisation, and 
hence the superior development of its brain, and the vast assemblage 
of nerves in connection with it lu the Cirripeds, no organs of 
special sense were found, neither is a superior portion of the brain de- 
veloped, but the gangliouB connected with the double chord, are mo- 
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ir in their function, with the esceptioa of the Hjmpatlietio nerves 
originBting &om the eupra-cesophageal loop. la the Myriapods, 
however, a large and well developed brain is found, to supply the in- 
oreaaed number of the orgtins of special sense, and to originato » well 
formed sympathetia system. Id Insects another and remarkable 
ohange, of a strictly progressive character, awaits us. In their lar- 
infantile condition, their energies are in abeyance, and their 
organs of special sense are few, compared to their condition in the 
perfect insect ; the superior portion of the brain, therefore, is much 
smaller than it is hereafter destined to become. The energy, activi- 
ty, and great irritability of the perfect Insect, contrasts remarkably 
with the dull, sluggish, almost impassible life of the same animal In 
its young condition. In a caterpillar, any one segment or ring of the 
body (except the h^ud) is like all the rest, and has the same func- 
tions, even of locomotion, to perform — hence the neoessity of a gan- 
glionic enlargement, or little brain in each segment, to keep up, or 
maintain, the nervous force necessary for the due performance of 
their functions respectively. The brain is ninch lorger than their 
portions in the perfect Cockroach (Fig. 417), and Mantis 

jligioaa (Fig. 419). 

1246. In the Invalve-moSusea, we find a creature in which the 
ratritive system appears to be developed at the expense of all the 

Mother organs; coDge<[uently there is little special sense, and no need 
if nerves to supply organs that do not exist, 

1247. Destitute of vision, optio nerves are unnecessary ; devoid of 
imetl and taste, there arc neither gustatory nor olfactory nerves, and 
thebrnin (or that which is analogons to it, as some authors suppose) is 
leduoed tg the two cephalic ganglions, which are placed on either side 
of the <esophagus, and much smaller in size than the branchial gan- 
jlia. From all analogy of the distribution of nerves from special 
eentres, and the organs they supply, the cephalic ganglia of the bi- 

moUusca appear to constitute, not the superior, but only the 
inferior surface of the brain. Headless, and entirely destitute of 
organs of special sense, there is no need of a supra-oesophageal gan- 
glion, and none such is developed ; the bronchial ganglions, with 
their mixed function, appear to bo the most important. The same rc- 
larka apply to the still lower TunicaicB and Terebraiulm. 

1248. But in the Sliigs and Snails, whether naked or testaceous 
[U$ta, a. shell), we find animals endowed with that superior organira- 

'fion that renders a higher development, no less than a local position 
Wd concentration of the brain, imperatively necessury. With a 
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bead, and abundant organs of epecial sense, a well developed rapiu- 
<»opbageaI ganglion in found. 

1249. From these animals we make a rapid ascent to the Jlshes ; 
in the lowest of these, the anterior portion of the doable ehurd dis- 
plays a succession of five pairs of ganglia. 

1250. I'he higher fishes, and the amphibious reptiles, appear to 
have a different disposition of these primitive ganglia. The first 
two have become fused into a single ganglion, and then follow only 
three pairs of symmetrical ganglia. But if tiio larger pair he un- 
folded after being Lardcued in alcohol, it will then be seen that the 
whole number of ganglia exists, but that four bave bcoome coneeaM 
by a thin covering that has spread across thera. 

1251. TJiis condition of the brain carries us upwards in thai 
of being, even to the mammalia ; in the dog, or cat, for ex J 
we find, first u single ganglion, the cerebellum; then throe f 
following each other in auccesaion ; and if we unfold the midillo 
pair, we shall be at once convinced that it is indeed composed of two 
pairs of primitive ganglia, concealed by an additional development. 

1252. Again it will be observed that the primitive ganglia of 
opposite aides, at first separate and disjoined, become connected by 
means of transverse fibres of communication, or commissures. The 
office of these commissures is the association in function of the two 
symmetrical portions. 

1253. Carpenter, in his human physiology, has truly said, " Hence 
we arrive at the general and importunt conclusion, that the brain 
among the lower animab consists of primitive chords, priniiKr* 
ganglia upon those chords, and commissurei whieh i 
substances of the adjoining ganglia, and associute their a 

1254. In the development of the cerebro- spinal axis of s 
earliest indication of the spinal chord is presented under the £ 
a pair of minute longitudinal filaments placed side by ude. 

1255. Upon these, towards the anterior eitremity, five p^ 
minute swellings are observed, not disposed in a straight li 
fishes, but curved upon each other so as to correspond with A* 
direction of the future cranium. 

1256. The posterior pair soon becomes cemented upon the mid- 
dle line, forming a single ganglion ; the second pair also unite with 
each other ; the third ond fourth pairs, at Erst distinct, ore speedily 
veiled by a lateral development, which arches backwards and oon- 
eeals them ; the anterior pairs, at first very small, decrease in sixc 
and become almost lost in the inoieased development of the pre- 
ceding pairs. 
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1257. This ia represented to some estent, in tlireo view.^ of tbe 
Luman braiu from an Embryo (Figs. 303, 394, and 395). The first 
(Fig, 393) is Been from behind ; a, the optic lobes, or, as they are 
called, from their four-lobed character in the humnn subject, corpora 
quadrigemini ; b, tbe cerebral hemispheres ; d, cerebellum ; a, me- 
dulla oblongata. 

1268. The acoond (Fig. 394) and the third (Fig. 395) have the 
same letters of refereDce down to e ; the second ia a side, and the' 
third a sectional (perpendicular) view; y, tbe fioor of tbe third ven- 
tricle; t, olfactory nerve; /, optic thalamus. 

1259. We see here a chain of resemblances corresponding with 
I the progressive developmeut observed in the lower auimals ; the 





human brain passes through the phases of improving development, 

which distinguishes the highest from the lower creatures ; and we 

are naturally led to the same conclusion with regard to the archi- 

teoture of the human brain, tliat we arc led to establish as the 

, principle of development in the inferior creatures — that it is oom- 

I poaed of primitive chords, primitive ganglia npon those chords, 

[ Mmmissures to connect the ganglia, aud developments from those 

The human brain, therefore, may be supposed to consist of a 
[, number of elements, whieh are more or leas diffused amongst the 
[ lower animals, and which ie them constitute the several ganglionic 
aasea that we find them to possess. 
The more widely these elements are diffused, and the more fre- 
[ iqaeat the repetition of these little brains, the lower tho individual in 
' i^e scale of being. 

Thus, the Nereis nuntia, with its 1,000 ganglions. Is lower than 

k Caterpillar ; whiuh is, in its turn, lower than the perfect Insect ; 

for in the latter we find a greater concentration of the Cerebrum, to 

Buj^ly an increased number of organs of special sense, all of which 

, itave attained a higher, a more refined development. 

The organs of locomotion in the perfect insect have also become 
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ooQceotrated ; kence the absorption of ganglions in Uie bIk 
vhere thej are no longer wanted, and the deposition of i 
nervous matter in the thoracic gunglione, where it k imperatil 
Tieedcd. 

These facts are beautifully illustrated in the disparity of sixc 
number of the nervous oeutres (gunglions) of the active Slugs trnd 
Snnils, Bs compared with the passive bivalve-mollusca. 

It has been remarked, with great propriety, that, in the progNM 
of his development, man passes snccessively through till those p 
of csisteQce at whiuh the remainder of the animal kingdoi 
lively, remain permanent. 

He has never been, in reality, an Animalcule, an In»eet, a. 1 
lusc, Fjah, or Beptile, but he has passed through the conditioil 
which they remain stationary. 

It has been shown tlmt^ in the development of the human bratn 
and spinal chord, two nervous chords, unprovided with ganglia, first 
exist. 

The next stage exhibits a single ganglion, and at this moment 
the human embryo is on the same plane with those animals in whom 
a sole ganglion becomes permanent ; as the ganglia increase slowly 
in number, so the embryo attains a higher rank in the scale of being. 

But it is equally true that, prior to the production of even a 
nervous chord, a still lower type was indicated, for, although the 
statement is somewhat humiliating to the " lord of creation," we yet 
couimenee our career in a form far less animal than vegetaUe. At 
one period of the development of the ovum, a single cell exists; 
presently it divides into two ; these sub-divide into four, and this 
process continues until the yelk consists entirely of a congeries of 
eells. 

JSow this is precisely the plan upon which, as wo have seen, 
plants owe their being, and in both kingdoms the primary cells are 
employed to organize the tubular tissues — spiral and lactiferous ves- 
sels in plants, nutriniontal organs and blood-vessels in animalsL 

The probability is that man possesses a stonjocli, not only before 
the advent of any portion of the nervous system, but prior to the 
formation of an intestinal canal, thereby reducing him to the level 
of the polypes. When the intestine is superadded, he has attained 
a higher grade of development. 

Again, the stomach is completed, like that of the polype, with 
only one aperture ; when other cells are added, to form a mdi 
tary and short intestine, the septum (partition) becomes absorb 



meoir 87.] 



eTSJ^RH IN HjLMK&UA JlSD ILLS. 



So, tOD, blood-Tcssela are formed, aud the blood freely circulated 
long before the esisteaoe of a beart. This ma; be beautifully seen 
in the ova of Fiahes, aud cspeeially in the egg of the domestic fowl, 
on the fouTth day of incabation. 

Bat the character of this circulation is more nearly allied to the 
vegetable than to the animal kingdom, and closely resembles the 
circulation, or rotation, as it is called, bo beautifuOy seen in the 
haira of many plants, Tradcacantia, the cells of Chara, Nilella, Va- 
llBneria, Prog bit, &c. 

Still, in his early derolopment, man maintoms bis enprcmacy, 

during these progressive changes which take place in Beciet — 

eeu — his external form is always human I 



LESSON LXXSVII. 

SEETOTTS SYSTEM IN UAMM&LIA AND MAN, COSTISCED. 

1260. The spinal chord of the adidi man (Pig. S96, h, i) is 
smaller, compared with the cerebral mass contained within the 
cranium, than in other mammalia, and short, from the want of caudal 
prolongation of the trunk; its posterior and middle eulargemeuts 

:, dj are conspicuous, and of a lengthened form, from tbc magnitude 
wid nomber of the nerves which proceed from them to the sacral 
extremity ; the cauda equina (a, b) is of great length ; the motor 
rocta (nerves of motion, l, I) and anterior columns are smaller than 
the aensitive, and the ganglia of the posterior or sensitive roots (k) 
of the spinal nerves are here larger than in other mammalia. 

1261. The medulla oblongata, though comparatively small, bos 
its component fasciculi most deeply marked, and the quantity of 
internal ganglionic matter in the course forwards of these white 

OS fascienli corresponds with their great development in the 
human cerebral and cerebellie hemispheres, where the coavolutjons 
(tj) and laminiB (7i, t) surpass in number and depth those of almost 
all inferior animals. 

12C2. It now only remains to ascertain the microscopical charac- 
ters which distinguish a nerve and a ganglion in all animals ; and 
these characters are found to be remarkably constant. 

12G3. The fine, white chord, called a nerve, when placed under 
the microBCOpD, is foand to consist of three tissues \ of these, the 
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outer one ia a delicate, Btructuielcss shcatt, called the Ncorolemmii 
p^^^ ggg (neuron, a nerve ; lemma, a tilkeatU). 

1264. Witfaia this sheatU are the 
nerve Gbrea, as they Lave lietn vatleil, 
which arc really tubes coDtaiDiiig a me- 
dulla, or pulp. 

1265. These ultimate tubes possess a 
BtructurelesB ebeath of extreme ddim 
they are found composing the neru 
all descriptions ; belong as much t 
gray, or cortical, as to the wbit«, o 
dullary substance of the brail), i 
spinal chord (where it exists), and j 

12CG. The pulp, contained ia~ 
tiiboH, known as tjie " nliite substance" of 
t-fhawu, who first describud it, is, when 
quite fresh, perfectly liomugciieous, flnld, 
and viscid, like a thick oil, but every 
method known of preserving it, euogulates 
or otherwise alters it For this pui 
Ealiue solution (eij;ht ounces of salt, tj 
quart of water) appears to be tbn 
adopted, as it changes it the least. 

1267. It lias been reiuarkcd that it 
readily dissolves in water (Mollusca), 
leiiviug only a series of empty tubes, and 
this is true even in the human aubjeot 
PreparatiouH of nerves, made for the mi- 
croscope, arc subject to pressure^ 
under its influence the whole ooBbai 
the nerve tubes (in time) Woomi 

126S. In addition to the t 

Munec of Schawn, these tubes conll 

tlitir centre a tube of the moat dfll 

transparency ; this is called Uie 1 

Tobn>.)pinAi uii (bniii, ipiDii Cylinder. 

.■boni)or™n. J269. A figure of the i 

obtained by pressure from a preparation of the median nerve (hanual, 
is given in Fig. 397. The same preparation also displays the wbito 



s b7.] XERVotrs 8 



I in UAUUALIA AMD HAK. 



BubstiLDoc {Fig. 398), obtaintd by the same agency; nothing can exceed 
thu IroiiBparoncj', combined with brilliancy, of these two last prepnra- 
tioiu, It will be seen thut tbe vhito substance consists of nuulvated 

1270. Another asis-oyiinder, containing some corpuscles of the 
whstnnce, copied from the same preparation, is given (Fig. 




to? 



iSOi)) ; it will readily be perceived that they differ considerably in 
■izo. A common occurrence ia, to find the asis-oyliuder with the 
nrhite substance covering the termination of it (Fig. 400). 

1271. The appearance of the tubes of the median nerve is shown 
la Fig. 401, the granular contents indicating the while substance. 

ibes of the syropathetio systeiA differ from 






ikone just dcRcrihcd ; firstly, they are bo much smaller that they do 
t exceed one-third the diameter of the former ; and, secondly, tbcy 
not present the two distinct substances within the tubular inrest- 

■eut, which has been shown to exist in the ordinary nervous tubulL 
1273. A figure of the tubes of a sympathatio nerve is given at 
ig. 402 ; the couteuts of these tubes appear to be perfectly homo- 



geneous, nlthongh, when treated with acetio &cid, tliey exhibit cell 

nuclei (a). 

1274. In addition to nerve tubes, wliich, as before remttrked, are 
oommoD to all aerves, guiiglions possess solid corpuscles, liable to 
much variety of shape ; these have been (erroueonslj) colled "gan- 
glion globulcB," but when removed from the tissue many of them 
present an irregular figure, und are caudate (tailed). A figure of a 
thin section of a ganglion of the neck (human) 
is given (Fig. 403) ; these corpuscles are ex- 
tremely numerous, and, whea seen in their nat- 
ural utoatiou, have a reddish appearance. 




Removed from the tissue with which they are connected, these co^ 
posclea are very variable in size and shape. 

1275. The ganglion corpuscles are common to the gray or corti- 
cal substance on the external surface of tbc Brain, and of all ths 
ganglia, and the corresponding gray matter in the interior of the 
human spinal chord. A view of these corpuscles, obtained from the 
latter situation, ia given, in Fig. 404 ; m addition to their caudate 
terminatioua, these corpuscles alao present nuclei. 

1276. The remarkable constancy in the structure of nerve and 
ganglion in the animal kingdom has been adverted to, and illiistra- 
tionx obtaiucd from a class as low as the Insects nUl be sufficient to 
prove tlie wtiitomEnt. A portion of a nerve given off from the last 

] , ,.,, (caudal) ganglion of a Cockroach (B. Ameri- 

cana) is given in Fig. 405 ; the Neurolemma 
(nerve sheath) is distinctly seen on either side 
(a, a), and within it the nerve tubes containing 
the white substance. 

1277. A section of the caudal ganglioo of 
iimgiiiin. B, Auicriauuu the samc insect (Fig. 406) displays the nerve 
tubes greatly reduced in size, and the crowded ganglion corpuscles 
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{a), whioli, ia tlio prcparatioo, are slightly red, na they arc 
All the figures of nerve tiasae hare hcen drawn imdcr 
fourth object glass, and to scale. 
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BEBTOua SYSTEM IN UAUMALIA ASD MAN. CONOLtlDED, 

1278. Tasculariti/ of Nerves. — NerTes, like mnaclcfi, appear to 
be highly Tascular ; the vesselB, however, will be found restricted to 
ttie outer sheath, and arc not allovred to penetrate amongst the tubit- 
W Btnicture. Ihia mle also applies to the brain, which is nourished 
nd sustained, not by vessels passing into the interior of ita (labstauce, 
Imt by a highly vaaotilar membrane, the pia mater, whiuh overy- 
vhere surroands it. 

1279. Nerves, it ia well known, always accompany the arteries 
lad veins into whatever tissue they are distributed, but the nerves 
)o Bot gain any advantage from their near proximity to arteries 

during the course of their joint dis- ,. 

tribntion, for the nerves carry thei 
m vascular system with them. 

1280. In good injected prepara- 
tions the nerves will be fouud to have 
|Hirticipatcd In the general saccess ] 
-tC one of these be dissected out, placed 

Q a slip of glass, dried, and mounted 
h Canada Balsam, the probability is 
Miat an appearance will present itself, 

nider the microscope, similar to Fig. 
M7, which shows an injected nerve. 

n one side of the sheath will be seen 

I artery (a), and on the opposite 
^0 a vein (b), and these two vessels """'' "y"""- 

re connected by a series of capillaries (c), which ramify everywhere 

a the sarfaco of the sheath. 

1281. Such a preparation as the foregoing, is very instructive, as 
H teacheB a lesson not easily forgotten ; it demonstrates the peculiar- 

y of the distrihotion of vessels in this particular tissue, and enables 
le to det«ot a nerve, under ciroumstancca in which it would other- 
ise elude detection. 
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1282, In a portion of bnnian pericardium (the bag in wbioh tbu 
heart hangs) very minutely injeoted, and preseutiog a most gorg«uu« 
sight under the uicrosoope, three soniethiuga are se«n entering tlie 
tissue at a particular point, souiL-whst deep seated, and to some extent 
veiled hy a plexus of capillaries belonging to that layer of tissue vhich 
covers them ; what are thej ? Many circumstances lead to the oon- 
elusion that the outer veaiKl on one side (b, Fig. 408) is an artoty, 
distributing blood to the pericurdium, and that the outer vessel, on 
the opposite aide (o), is the vein, receiving and returning the blood 
front this tissue; but wlmt is the third something whioli lies between 
them ? Let us examine it closely, and see if we can discover nhat 
it is ; two vessels make their appearance, one ou either side of this 
something — the one is much smaller than the other, and both appear 
to be connected with the capillary plexus {c) ramifying between them ; 
no connection whatever appears to sub^iist between the outer vessels 




of the unknown tissue and the artery and vein outside of it ; the 
question*Iionce arises, in what tissue is such a distribution a peculiari- 
ty? To this there can he but one reply— a nerva — and this some- 
thing which, in the dried state of the tissue, more nearly resembles 
another blood-vessel, is indeed the nerve which invariably aooom- 
panies the artery throughout its distribution. 

1283. If tlie circulation of the blood to a nerve be peculiar, it b 
no less 80 to the ganglions; for an example, a copy is given (Fig. 
409) of a preparation of a sympathetic ganglion of the neck 
(lun..). 

1284. Here the artery and vein are not at all connected with the 
tissue to be supplied, but the former, while passing in its coons of 
general distributioo, gives off a tnig (a) to the ganglion, which in- 
stantly breaks up iuto a plexus of oapillnries, which ramify all ovar 
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t&e entire surface of llie gaoglion, and ultiroatelj yield up their eon- 
tente, by anotlier tirig (&) to the rein, which passes it into the jugu- 
lar vein, and thence to the heart. 

1285. Such, then, are the peculiarities which characterize the ras- 
odar system of uervea and ganglia, and by which they may be at all 
times recognized, ae no suoh diatribution pertains to any other tissue. 



LESSON LXXXIX. 

OBGANS or SPECIAL SENSE.— THE E7E. 

1286. Want of space in this small volume will not permit a full 
inquiry into the subjects which form the title of this lessoTi, but one 
organ, from its almost universal distributiou in the animal kingdom, 
together with its importance, claims special attention — the Eye. 

1S8T. Aa fur as our knowledge of it extends, the eye is strictly 
U optical instrument — a camera — and aa capable of performiug cor- 
teutly in death, as in the living organ. To prove this fact it is only 
necessary to remove, carefully, the posterior portion of the sclerotic 
of the fresh eye of a Sheep or an Ox, leaving untouched the 

la. If [lie eyo, thus prepared, be presented to any object, a mi- 
nute, inverted, and moat beautiful view of the picture will appear 
ttpon the retina, arrayed in all its natural colors. If the picture so 
formed be magnified with a lens of moderate amplifying power (one 
inch, or Ij inch foeus), a very charming sight will be offered to the 
ipectator. * 

1288. A well formed visual organ appears to require the follow- 
ing parts : a trausparent cornea, or outer covering; an aqueous (wa- 
tery) humor; an iris, or curtain of the eye, to limit and control 
the quantity of light to bo admitted; a crystalline lens; a vitreous, 
or glassy humor ; a pigment or paint, frequently but not always 
bUcIc, to absorb tlie excess of light which hoa entered the eye, and 
thereby give increased sharpness and intensity to the picture ; a 
reUna, or thin membraneous expansion of the optic nerve, forming 
the white curtain (similar to the ground-glass of a camera) upon 
which the images are depicted ; and finally, an optic nerve, whose 
function it is to transmit faithfully to tlie brain, the full particulars 
of color, and general appearance of the pictare formed upon the 
retina. 
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1289. That the combination of these tissues is necessary to the 
production of vision, is evidenced by the fact that they are all, or 
nearly all, found in various stages of modification, down to animals 
of otherwise lowly organization. 

1290. There are, however, many animals altogether destitute of 
eyes, and yet they are visibly affected by light. Thb is especially 
well seen in the Animalcules, Zoophytes, and others, where some of 
them (Hydra) seek the light, and others (Actinia, and many other 
Zoophytes) contract their bodies, and shun its influence. 

1291. Plants, guided by light, open or close their flowers and 
their leaves, and follow with flowers expanded the daily course of the 
sun, or seek his light with branches and leaves slowly moving in the 
direction he takes ; yet they possess no nervous system, neither do 
the animals above mentioned, but both appear to be influenced by 
perceptions altogether unknown to us. 

1292. Some authors (Ehrenberg and others) have supposed that 
many animals, acknowledged to be destitute of a nervous system, 
possess eyes ; thus red spots seen in many (supposed) animalcules, to 
say nothing of other lowly organized creatures, have been described 
by Ehrenberg, as visual organs, notwithstanding that many of these 
have subsequently been discovered to be plants ! 

1293. This red coloring-matter, so prominently developed in the 
lowest plants, as in the plant called *^JRed snow;^^ the Frotococcus 
pluvialis, found in rain-water ; the HoBmatococcus sanguinea, found 
frequently on stale bread ; is but a slightly altered chlorophylle, and 
into which it can be converted, made green. 

1294. These facts clearly demonstrate the fallacy of attributing 
the function oS vision to the red spots, unless supported by more 
convincing testimony than mere color. Eyes sometimes have a red- 
dish tint from the red-brown pigment which shows through the 
transparent cornea. 

1295. The possession of eyes in the Eadiate sub-kingdom, appears 
to be open to much doubt, notwithstanding that visual organs have 
been claimed for the Medusae, Starfishes, &c. 

1296. In the Articulata, on the contrary, there is no question 
of their very general development, although they are not found in 
the Epizoaj generally, nor in the CirripedSi at aU. 
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THK ETE IK THE iLSNEHATA. CEUBTACKA. MTBIAPODS. ASD DJISCTS. 

1297. In the Annslhta (red-blooded worms), eyes are constantlj 
fennd, &nd in variable number; thus in the eeverol species of Pla- 
naria, tbey vary from one to three piurs, and in one species {Presto- 

armaium) the head Ja literally covered with them. 

129S. In the medicimil Leeoh (Fig. 362) there are ten simple 
eyes; in Nereis nuntta there are four large eyes on the upper part 
of the head, ami nearly one hundred smaller visual organs disposed 
rows and groups on all the prominent lobes about the month. 

1299. But in the higher forms of this class the eyes are reduced 
to two. In all these animals the eyes consist of a transparent cornea, 
ft minute crystalline leos ; a pigment, not always, but generally black, 
and an opiia nerve; whether other organs are superadded is not 
kiown, the extreme minuteness of the eyes forbidding further inves- 
tigation. 

1300. In the higher forms of Crustacea (Lobsters and Crabs), 
tbe eyes are pedunculated and movable, by means of muBcles inserted 
within their sclerotio covering; in the inferior Crustacea, they are 
sesaile (sitting ulose upon the body, without support) and immovable, 
Uid in the lower Crustacea the two sessile eyes are frequently united 
An the median plane, and appear to form but one organ {Motioculus, 
Daphnia, &c.)- 

1301. The eyes themselves are constructed on the same plan as 
those of Insects, hereafter tn be described, with one remarkable ex- 
oeption : the faccta in the transparent cornea of Insects are hexago- 
nal (see Fig. 420), but in the Lobster they are perfectly wjuare (Fig, 
410), and resemble a ruled glass micrometer ; ^^^ j,^, 
moreover, it consista of a series of lamina 
(plates). It will be shown hereafter that in 
the Insect eye a great tendency to the square 
form of the facet prevails, notwithstanding it 

always found associated with the pure hex- 
agonal figure. 

1302. In the Myriapods (Centipedea, lu- 
lidfe) the eyes of some species resen 
of the Annellides, whilst others approximate 
to the Insects; most of them present numerous separate simple 
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ejea, grouped together on the two sides of the head. The eyes of 
Scaloptndra (Centipede) consist each of a group of ahout twenty- 
throe small, diatloct eyes, opprostmated and placed in lineal rows, and 
the aggregated eyes of lulus are also composed of several rows. 

1303. In Inseola the eyes, like most other organs of the body, at' 
tain a high degree of dcTclopment ; moreover, two kinds of visoal 
organs are found in many of them, one series of eyes being adapted 
for long, and the other for short siglit. The grout Dorr-beetle, or 
Moy-bug, OS the Melolontha vulgaris (Cockchafer) is commonly 
called, is a familiar example of an Insect endowed with very short 
vision. Persons walking in ibo fields, especially at twilight at tho 
latter end of the month of May, or during June, will find these In- 
sects constantly striking tbcm io the face, and flying against other 
ports of their body, with sn much force that the creature frequently 
falls, as if stunned by tho concussion. 

1304. The facetted, or compound eye, so conspicuous in all tho 
perfect insects, appears to have but a abort focal range, and even thu 
differs to a large extent, as may bo ecen by the superior and 
able convexity of these eyea, in many of them. 

1305. Those insects which feed on the juices of plants, 
mala, require very short vision, as their food lies at their feet^j 
hence their eyes ore singularly convex. 

1306. Amongst the prcdoccous beetles, longer vision is reqi 
and the convexity of tho compound eyes is greatly reduced. 

1307. The Bees, on the other hand, need telescopic i 
guide thorn in their long flights in search of honey and wax ; bat, 
when engaged in the act of collecting, or in making, and hermclically 
sealing then* beaatiftil cells, near vision becomes necessary, and hence 
much convexity of their oompoand eyes. 

1308. The telescopic form of eye, when present, is in the form of 
two or three single, distinct eyes, of larger size thon any of the faeeta 
of the compound eye, and placed in the beat possible position for the 
exercise of their funotloa — on the vertex (crown of the bead). Cat- 
erpillars have only a variable number of these single eyes, grouped 
together, however, as a common mass, with but a modonto iiit«rvd 
of space between them. 

1309. Much disagreement prevails in regard to the true structure 
of the Insect eye, and of the three authorities who have chiefly ex- 
amined it, no two of them hold the same opinion. These authoritioi 
are. Marcel de Serrea, Straus- Durckheim, and J. Mnller. 

1310. According to Straus, the epidermis eontinues over 
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posed BQrface of tlie eye, aa in serpents ; it is colorless and traiiBiw- 
rent. Beneath this transparent , external covering, are placed the 
tansparent facets, or cornere'of the several minute compound eyes, 
itnd beneath this lat- 
"ter layer the conical, 
transparent lenses. To 
lender the description 
Jtlain, a figure (according 
this authority) is 
pyen{Fig.411). 

1311. The structure 
of the insect eye by 
Unreel de Serrcs, was 
rabsequently superseded Stmi 

the statements of a. Ci 
Btriius, but a truer hia- j, •^TZ^'^iili^KM, c. c™'lS"l°U*"' 

tOry is given by J- «. Th«°^lld aiunenU. «.n- * Tho'^^flT^ent 

Mailer. r^m^ui.f™"' 

1312. He discards 

the "epidermic covering of the cornea "of Straus, which really h&a 
no existence. ' 

1313. Beneath the cornea, Htiller found a minute double-convex 
kns, possessing (lilte the crystalline lens of man and the higher ani- 

lals) taio curves; the flatter or shallower curve being placed in 
front, and the deeper carve behind. 

1314. The baaea of the conical lenses, according to Straus, are 
perfectly flat, but MuUer found them to be convex, and that they 
bmched the greater curve of the crystalline lens, only at the centre — 
the Bttrrounding space being filled by the pigment. 

1315. To illustrate this theory a figure is given (Fig, 412). 
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1316. Miiller, however, has not exhausted all the facts in relation 
ifa the structure of this important organ of sense. 

1317. Behind the horny substance of the transparent cornea, is 
whitish membrane, divisible into laminae, or layers, which contains 

fhe crystalline lenses ; with moderate care it may be detached, re- 
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taiuiag the Icnacs in situ. In some Insects this membrane is partie- 
ularlj delicate, and in these cases it is more likely to remain attached 
to the tranaparant cornea, showing the lensea, wheu viewed by trans- 
mitted light, in the centre of the facets, severally; this is shown 
from a preparation of the Flesh-fly {ifusco camaria), Fig. 413. A 
beautiful specimen of the membrane, detached, with the lenses, was 
obtained from a small Caterpillar of this country, name unknown; 
v,n. 4i> a figwre of '» is g'^en 

(Fig. 414). In ihU 
specimen the lenses axe 
of unusual site, the pos- 
terior surfaeo being of 
great conrexity, 

131S. The conical 
bodies are usually col- 
ored, but very delicate 




icn, coninfBlnti luii It. 
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in texture, and possessing a semi-transparenoj-. 

1319. They have generally a. faint yellow color, and they become 
decomposed in a very short time in water; neither can they be pre- 
served very well any how ; in spirit they contract so much as not to 
be visible, and in other preserving fluids it is extreme^ difficult for 
p,„ „B p.,. „^ the well- practised eye to detect ihem ; 

hence they should be sought for in 
freshly caught inBCots. 

1320. All authors agree in believ- 
ing the conical lenses to represent the 
vitreous humor of the eyes of the 
higlier animals, a fact confirmed by 
the difficulty of preserving tbem. 

1321. They are nndoubtedly coo- 
vex at their large extremity, and in 
i^ome insects (M. carnaria) remarka- 
bly ao. 

1322. The optic filaments are not 
attached to the terminal points or api- 
Cfs of the cones aa tepreaentcd hy au- 
thors, but, on the contrary, pass en- 
tirely through their centre (b, Fig. 
415), and are sometimes necn j 
jecting through the large end m 

MusCB oarnaria, examined by a fourth object 
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; they have coniciueiitly 
a {Fig. 416). 

1 they vfere s 



Bvery iD- 
traaBpiircut to 



I 



y appear to be of great siio ; they have conicqueiitly been i 
iced ill the figure given of them {Fig. 416). 

1323. In the perfectly freah state in whic 
[ optic filament formed a very beautiful aiglit, ] 
L Btance, an axis-cylinder; the vhito sabstance vaa U 
( "be visible. 

1324, Tbe eones of the Caterpillar, above referred to, are still 
I' larger (Fig. 416), and these have been preserved, fortunately, in a 

1 solution, but they are opaque, and, whether the nervous fila- 
I mcDt enters the cono or not, cannot now be determined ; the bases 
I of these eones are much flatter than those of Muaca. 

1326, The mode of connecting the several lenses of the conipoun J 
) eye of an Insect with the yio. *n. 

brain, is shown in a figure 
copied from a preparation 
of the brain of Blatta 
Americana (Fig. 417). 

1326. The inferior por- 
tion of the brain, or iufra- 
CBSophageal ganglion, can- 
not be seen in this Insect, 
in viewing the brain from 
the upper surface, beeauso 
it lies immediately below 
the supra-iBsophageal gan- 
glion, and, being much 
smaller, is concealed by * a^''** "^™t*' '™™' 

it, and can only be seen /■ Nptvc « cnnqeetlag Iho bnln with Ihe flm thoniclo 

from the under surface. 

1327. There is one Cict in connection with the compound eyes 
of Musca carnaria, that has escaped the observation of the authori- 
ties, namely, that all the important elements 
of a visual organ rest upon and are supported 
by an aggregated arrangement of fat lobulet;, 
of exquisite beauty, and, as might be expected, 
exiatiog in a state of the most perfect aoalyeia. 
A figure of these lobules is given (Fig. 418). 

1328. When the plan of connection of the 
ODmpound, or facetted eye, with the brain is *' '■'"•■''"■^ 
eonsidered, it is not difficult to understand its action; each individ- 
ual organ transmits to the optia lobe a picture of what it sees, and 
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the combination of a vast number of detached portions 

large picture makes npoa tHo optio lobe a perfect and undivi 
wiioic, the imptesaion of 'whi<^ la conveyed to tbe brain by the optio 
nerve, not as a divided, but as a single picture. An Insect, there- 
fore, has no buainess to koow irom any practical results that it poE»- 
Besses more than a single eye on each side of its head. 

1329. The necessity for such a vast number of distinct organs 
of vision, is a consequence of their fixity of position ; it is essential 
for their well being, to guard and protect themselves from their nu- 
merous enemies, ever ready to destroy them, that they possess visioa 
in every conceivable direction, and the predaccous varieties require 
a no less perfect development of the organ to enable them to discern 
their nimble prey. The large extent of surface occupied by the 
compound eyes, fully effects this desirable object; above, bciov, be- 
fore, behind and laterally, asleep or avakc, are an infinite number 
of vigilant guardiaua, never closed nor veiled by eyelids, but ever 
on the alert and ready to give the alarm. 

1330. The number of distinct organs in the fiiceltcd eye bas been 
computed (by the aid of a micrometer), by those persons curious in 
such matters, thus: the House-fly possesses 4,000; Libellula (Dragon- 
fly), 1-2,554; Papilio, 17,355; Cossns ligmperda, 11,800; MordeUa 
(a small beetle), 25,088. 

1331. Hairs are frequently found connected with the compound 
eyes ; they are placed in the depressions between the corner and 
afford protection (like eyelashes) to the organs. 

1332. Bees have to enter the expanded cup of flowers, in search 
of the nectar ; their eyes might suffer abraaion and beoorae opaque 
from the frequent contact with the petals, or they might be obscured 
and rendered useless by aggregated pollen masses. But no such 
contingencies can occur to them, in consequence of the protection 
afforded by their eyelashes. 

1333. The telescopic, or simple eyes, are differently conetrucl«d. 
Usually, these are of groat size, as compared with any of the Caoeto 
of the compound eye. 

1334. Immediately behind the hemispherical, convex, 
parent cornea, is a well-shaped, double-convex, crystalline ] 
Like those already described, it possesses two curves, tite dad 
one being behind. This latter surface fits accurately into a vitreous 
bumor, the posterior portion of which is rounded, and is reoeivod 
into a bowl-ehapcd expansion of the optic nerve — a true retina ; in 
addition, there is & oborold ooat, and a pigmentary layer, bo that all 
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elements are here found of a weU-developed visual organ. A 

tinct optio nerve is given to each simple eye, which at once traas- 
B to the braia the image formed upon the retina. 



LESSON XOII. 

THE KTE OF IKBECTS, OOSOI.0DEIX 

1335. To show the coonection of Ibe optic nervea of the single 
eyes with the brain, a figure, copied from & preparation of the brain 
of Mantis religiosa, is given (Fig. 4IU). The largo, well-formed 




the 



cerebrum ia ah 
cerebelluiD (&), 
ar» marked e, c ; the opti( 
the optio lobe is marked 



posterior to which, at some distance, the 

crnra, which connect the two hemispheres, 

nerve of the compound eye is shown at d ; 

the optic filaments, which spring from 



e showu aty,' the nerves distributed to the antennie 
at h ; the optic nerves of the simple eyes at i, i / and the bowl- 
shaped retinal expansion of optic nerves of the simple eyes at k. 

1336, From the mathemniicftl- figure of its several conipoaent 
parts, the transparent cornea is an important part of the optical 
apparatus. Authors have not agreed with regard to its figure ; some 
claim it to be plano-convex, the plane surface within ; others assert 
that it is double- convex ; whilst the truth appears to be that it is 
neither, but, like the human transparent cornea, it is a Tneniseus 
(from the Greek, signifying a little vwan] ; in other words, it is con- 
vex on its outer aurfaou, and concave within. 
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1337. The orystallino lenses fit into the ooncare Bnrfaces of i 
oornea, bnt how accurately ia not known, nor -whether a epaoa] 
reserved for an atjueoua humor — these, at present, are matters of 
conjecture. 

13U8. From the fact that the pigment, which limits the npertora 
of the lens hj coatiug its sides, from the circumference towards tf 
centre, and thus forms an iris, there is great probahitity of I 
presence of an ai|ueous humor. 

1339. If a carpenter Lad to fill a given space with boxes of n 
form size, he must adopt one of three mathematieal figures : they 
must be either square, triuitgular, or hcsagimal — the first aai lost 
are used in the formation of the corneie of insects. 

1340. The eyes in the centre of the facetted organ are always 
the largest, and most perfect hexagons in form. As they upprnaeh 
the margins, they begin to assume a square form, which, at the ex- 
treme edge, is perfected ; so that both these figures exist in the same 




eye, cliicRy, it would appear, for the economy of space. 

shown ia the transparent cornea of Musca camaria {Pig. 420) ; ^ 

we see the perfect hexagons in the centre of the oomea; 

(Fig, 421), the gradual change to a square form; the proceas of 

change is still further continued, till at last a series of perfectly 

square cells are formed (Fig. 422). 

1841. In the cornea of a Beetle a similar arrangement o 
but the square cells are not so sharply formed; so, too, in Ibe X 
OD-fly, although in this insect the hexagons glide into parallelog 
rather than squares, the iUce arraugemeut generally prevails; 
there are exceptions. 

1342. Such may be the etructuro of the eye in some insects, bat 
some important differences, not yet recorded, occur in tho eyes of 
other insects. A large Beetle, Prionus langimanui (its specific 
name signifying " long arms," and applied to the great length of the 
first pair of legs), commonly known as the " Harlequin -beetle," 
the many colors it fossesses, and the peculiarity of their arrBii| 
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ment, hae compound eyes of unusual size, and which offer great faoil* 
■ities for studying the slrncture of the tranapafent cornea, and espe- 
inally of the lenses. 

I 1343. It has been already remarked that the cornea is lined with 
• membrane, to the posterior portion of which the crystalline lenses 
are attached, and removing this from the cornea of Prionus, and sub- 
mitting it to the microscope, an interesting aaene presents itself. 

1344. The lines which separate the comese severally, are strongly 
marked; the cells arc, generally, perfectly round, although those to- 
wards the margins are oral, and quite flat ; these cells are so many 
open holes {Fig. 423), as if to admit the anterior portion of the true 
crystallioc lens ; moreoTcr, beiug smaller, they act as stops to a struc- 
ture yet tn be described. 

1345. If we now esamine the cornea from which this membrane 
has beea detached, a very remarkable sight meets us. 

13^6. The cells, or the transparent spaces of the cornea, are fill- 
ed with a eericB of crystalline prismw, 
which stand up far above the level of 
the membrane in which they are situ- 
ated; some of tlicm are round, others 





Vrti; hesagons (six sides), pentagons (five sides), cubes, and even 
iangles, are all represented in one or other of these prisms (Fig. 
They appear to be bo firmly impacted in the cells, that it ta 
aly reasonable to suppose that they fit it accurately ; in this case 
e anterior portion must be convex, fitting the concave inner surface 
of the cornea. The terminal portions now presented to the specta- 
tor, and which were applied to the round holes of the membrane 
removed, are perfectly flat, but much larger than the round holes, 
which, aa before remarked, act as stops, This would give a aeriea 
I of plauo-convcz lenticular bodies, sealed np, ae it were, in the sub- 
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stnnce of tlie trflnsparent cornoa — a Btrcicture that may (and doubt- 
less does) prevail t-o Bome eitcDt in insects, and justify the peculiar 
figure of the cornea of the Melolontha vulgariB, giveu by Strans- 
rurckhetm, and of Libellula bj Mnller. 

1347. Tliese prismatic, or lenticular bodies, are vider at their 
anterior than at the pOBt«rior eitremitj ; they possess precisely the 
appearance that a human crystalline lens, preserved in alcohol, pre- 
Bents — they transmit light, but have lost the power of deSoiDg ob- 
jects; at beat, they now possess but semi' transparency. 

1348. It must be understood that this arrangement of lenses 
(very like a Stanhope lens), ia the transparent cornea, is in addition 
to the douhle'Convoz lens, vitreous humor, &c., neither of 
Trere preserved in the beetle in question ; it had once been in ■] 
but had beoomc dry long prior to dissection. 

1349. At the margins of the cornea, the lensoa bare h 
instances fallen out, and display the entire depth of it admirably. 
The horny transparent portion is tbiii, but the partilioiia between 
the transparent portions have great snbstanae, thus leaving deep 
cells for the reception of the lenticular, prismatic bodies, 

1350. Probably a transverse section of this cornea, undis3cct«d, 
would have presented a Ggure very similar to that of Straus and 
Mullcr, hotb of whom agree in making this portion of the compound 
eye of insects of great depth. 

1351. They only differ ia one respect, as regards this tissvc: 
Straus says it is plano-convex ; !Mtiller, that it is double-convex. 

Pio. 19,1. 1352. These preparations, therefore, di 

strato that the homy layer which forms t 
parent cornea is concavo-convex; instead of being 
of great depth, as represented, it is a thin layer ; 
that the interspaces between the facets of tills tis- 
sue descend, to a considerable space, in the pos- 
terior direction, thereby leaving long and deep 
cells for the reception of the plano-convex 
prismatic crystalline bodies ; that these ore ghat 
in by a layer filled with round holes, smaller than 
the plane sorfaco of these prisms; that the an- 
terior part of the true cryslalline Ions paases 
through these round holes, the large margins of 
which cut off the light, and form a kind of irL^; 
and that the posterior portion o 
tioned lenses, with their deeper c 
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convex part of the conical vitroouB humor, tbe apace around the 
point of contact being filled with pigmentary matter. 

1853. This b illuBtrated by Fig. 425. The convex portion of 
the transparent cornea Lb ahown at a ; the ooncavo surface of it at 
b ; the descending walla of the cornea at c ; the prismatic bodies, 
that are included in iu aubstanco, at d ,■ the posterior layer, which 
encloses the prisms, at e; the crystalline lens is shown at // its 
posterior portion, in apposition with the conical vitreous humor, at 
g ; and the conical vitreous humor, h. 
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THE EYE IN AfiAOIlNIDA. MOLLUBCA. AND FIBirES. 

1354. In the Arachnids, the simple eyes are the largest and 
most perfect forms of ocelli met with in tlie articulated classes. Iu 
the Spiders they are generally eight in number, arranged symmetri- 
<'ally in one or two transverse rows on the upper and forepart of the 
cephnlo-thoras. The largest forms of these organs are met with in 
the Scorpions, in which they hare been tbe most fretjuently ex- 
umlned. 

1355. Beneath the transparent cornea, in the eye of the Scorpion, 
there is a spherical, firm, transparent lens ; beneath this, a vitreous 
humor, which fills half of the eyeball, surrounded by the pigmeutum 
and the choroid, excepting on the forepart, where it hounds the pupil 
like an iris, and on the back part, where it is penetrated by ttie 
optic nerve. The optic nerve expands into a well-formed retina, 
investing all the convex posterior portion of the vitreous humor. 

1356. Organs of vision are not required, neither are they devel- 
oped in the fixed or slow-moving Molluscous animals ; and in those 
individuals of this class which possess them, they are not aggregated 
together Uke those of the Worms, the Myriopods, or the Araehnida, 
neither are they compound organs, like the eyes of the Crustacea and 
Insects. 

1357. In the Gasteropoda the eyes are always two in number, 
movable, and generally peduneulated — frequently found at the sum- 
mit of one pair of tentacles, as In tbe Slug and the Snail. Some of 
the naked Gasteropods, &b the Eolis (Fig. 263), the Doris, and 
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the naked Apljsi: 



others, appear to 1>e destitute of ejee i 
are bat minute black duta. 

1358. Id some of the Gasteropoda (Harpa eloDgatn, Fig. 381) 
the eyes are placed on tubercles, at. the bases, or near the busca of 
the tentacles. 8uch is the arraDgemeut in the beautiful Cgjn 
tigris from the South Seas (Fig. 426). 

1359. In this animal the two long teutacula (a, a) present, i 
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their bases, two prominent, round, black, and movable eyea (c, e), 
with smooth, transparent, glistening corncse. The tentacula being 
placed above the mouth (b) and in front of the syphon (d), tho ^ 
\rhich are raised on tuberclea at some distance from tlie base of & 
long, slender tentacula, have a considerable range of vision, 
the expanded foot {g, g) ia seen the inner surface of the mantle (•), 
turned up over a portion of the sholl (A), and covered with amall 
ramified tentacular eitensiona (/), which warn the animal of danger 
from behind. 

1360. In the Carinaria Mediierranea the optic nerves are a 
passing directly to the eyea from the cerebral ring (Fig 880, i). 

I3G1. In the general plan of their formation, the eyes of (M ■ 
Molluscous animals form a near approach to the ordinary condition 
of these organs in Fishes, and the higher vertebrated classes. 

1362. In all the vcrtebrata the eyes are two in number, and 
symmetrically disposed on the sides of the head, and the differences 
which they present relate chiefly to the density of the media through 
which the various animals receive the rays of light, and the extent 
of development of the external proteotiug parts of these delicate 

1363. From the imperfeet development of the nervous system in 
Fishes, and the obscurity of the element throngh which they move, 
their organs of Tiaion are of great size, and, irom the density of the 
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watery medium around tbem, thej h^ve little necessity for an aqueous 
bumor, aud their cornea ia flat. To preserve thia flatncBB in frout, 
the sclerotic coat ia thickened and consolidated j aud it is also to 
prevODt its assuming the spherical form in Birds, by the equal pres- 
sore of the contained fluids, that the sclerotic ia there strengthened 
with bony platca, which preserve the tubular form of the eye, and 
the great convexity of the cornea in that olasa. 

1364. The crystalline lens in Fiahea ia composed of micuto trans- 
parent fibres, disposed iu concentric layers, and united Fin. ^<^. 
by their serrated edges, as seen in the Codfish (Fig. 
427), the layers increasing in density from the sur- 
face to the centre of the lens. 

1365. The organs of vision arc smallest in sneb 
Fishes hb burrow in the mud and sand ; they are 
larger in predaccous Fishes, which frequent the dark 
depths of the ocean, than in those which reside on uuiae U'm. Conniii. 
the shallow coasts, or in fresh watera. Miliary proceaaes are rarely 
developed in this claafi. 




LESSON XCIV. 

0B6ANS OF VISION IN THE BIOHEK AHITiAIS 

1366. As the eyes, we must henceforth consider, possess a more 
complicated structure than tiic organs hitherto examined, it appears 
to be desirable to give a brief enumeration of the parts which col- 
lectively form a visual organ in the higher animals. 

1367. The globe of the eye is composed of tunics and humors. 
Thi^ tunics are three in number, the 

1. Sclerotic and cornea. 

'2. Choroid, iris, and ciliary proocsaes. 

3. Hctina, and zonula ciliaris. 

1368. The sclerotio {skleros, hard) and cornea form the external 
tunio of the eye-ball, and give to it its peculiar form. The sclerotic 
is mnoh thicker behind than before ; it is pierced at its posterior 
sorface by the optic nerve, ciliary nerves, and arteriea. The cornea 
ia attached to its anterior part, by means of a bevelled edge ; its an- 
terior sur&ce is also covered by a thin tendinous layer, the tunica 
albuginea (white tunic), which is covered for a part of its extent by 
the mucous membrane of the &oat of the eye, the conjunctiva mem- 
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krone, or conjonctiva : such is the brilliancy of its whitenesa at tl 
part, that it ia eommonly called " the white of the eye." The C 
juDcttTa (human) ie a tiasne of great TaaouUrity, and a figure of it, 
copied from a preparation, is given (Fig. 
42^. The portion of the preparation 
selected for illuHtration, is where the 
membrane appronchea the margin of the 
upper eye-lid ; in this sitoutiou (seen at 
tlie lower part of the figure) the capil- 
laries are very minute, and densely ng. 
gregateU — the general surface of tfao 
c«...«..i*.M,i,™.i mcmbreno (of both lid.) 1. ooverfj 1 ~ 
arteries, veins, and loosely scattered capillaries, such us form I 
greater part of the figure. The Conjunotiva still lines the upper ■ 
lower eye-lids, upon which tt is displayed ; and so dense and minute 
b the arrangement of the capillaiy plexuses along the line of tlip 
lids, that, to unassisted vision, they appear to consist of eimpte lines 
of intense Tedness. 

1369. The choroid is a vasoular membrane of a rich chocalaU[ 
brcwn color i^on ita external surface, and of a deep black eolbl 
within. Eslernally it is connected to the sclerotic coat, internally^ 
to the retina. It is pierced posteriorly for the passage of the optia'J 
nerve, and anteriorly it is connected with the iris, ciliary prooesae^fl 
and junction of the cornea and sclerotic, by a dense white structure, j 
the ciliary Hr/ament, which Burrounds the circumference of the iiul 
like a ring. 

1870. This membrane is composed of throe layers : — 1. An e 
temal or venaut layer, which consiBts of veins arranged in a peculiK 
manner, called vence vorticosa. 2. Middle, or arterial layer, ifl 
formed "by the ramifications of niinote arteries, and secretes upon itt' 
surface the pigmentum nigrum, 3. The internal layer presents a 
beautiful appearance under the microscope ; it is composed of seperal 
laminSB of hexagonal cells, which contain the granules of pigmentnm 
nigrum (black paint). 

1371. In animals the pigmentum nigrum is replaced by a lajK 
of considerable extent, and of metallic lirilliaucy, called the tapetnin. 
137;i. The iris (a rainbow) is so called from its variety of color 
in different individuals; it forms a curtain or septum (partition) be- 
tween the anterior and posterior chambers of the eye, and is pieroed 
in its centre by a circular opening, called the pupil. 

1373. The diiary processet consist of a number of liigldy vaecu- 



LBSSOH 94.] ORaANS OF VISIOIT IN THE HIQHEB ANIMALS. 303 

lar, triangular folds, formed (apparently) by the plaiting of tLe in- 
teroal layer of the choroid. I'bey are about aisty la number (in 
inaD), and may be divided into large and small, the latter being 
situated in the spacea between the former. These processes are 
covered by a thick layer of pigmcntam nigrum. 

1374. The retina is the expanded portion of the optic nerve, and 
is tbe medium, equivalent to the ground glass of the Camera obseura, 
upon which all images seen by the eye are painted. Notwithstand- 
ing itB extreme delicacy, it consists of ihres layers ,' these are, the 
eKteroal, or Jacob's membrane ; middle, or nervous membrane 
temal, or vaaoular membrane. 

1375. The zonula ciliaris is a thin vascular layer, which 
nects the anterior margin of the retina with the circumference of the 
lens. It presents upon its surface a number of small folds corres- 
ponding with the ciliary processes, between which they are received 

1370. The hcmobs of the eye are also three ; these are, the 
aqueoQS humor, situated In the anterior and posterior cliambers of 
the eye. 

1377. The anterior chamier is the space between the cornea in 
front, and the iris and pupil behind. 

1378. The posterior chamber is the narrow space hounded by 
the posterior surface of tbe iris and pupil in front, and by the ciliary 
processes and lens behind. 

1379. The crystalline humor, or lens, is situated behind tbe 
pupil, and is surrounded by the ciliary processes, which slightly 
overlap its margin. It is more convex on the posterior than on the 
anterior surface, and is embedded in t]ie anturior part of tbe vitreous 
humor, from which it is separated by the 
hyaloid membrane. It is invested by a 
proper capsule, which contains a small 
quantity of fluid, and is retained 
place by the attachment of the 
ciliaris. Id its ultimate structure the 
crystalline lens coasists of a multitude of 
fibres, the edges of which are wavy, 
undulate (Fig. 429). In other animals 
they are serrated, and by this means lock 
into each other, and form a tis.'iue. This tiiiino i; ih humui. 

can be seen, in the higher animals, in the fibres of the Os (Fig. 430). 

1380. The vitreous humor forms the principal bulk of tbe globe 
of the eye. It is enclosed in a delicate membrane, the hyaloid, 
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whioh senda processes into its interior, formiDg cells in vhlch the 
humor ia retained. A small artery may somolimes be traced tlirou^., 
the CBDtre of the vitreous humor to the cupsule of the lens. 

1381. The seleroiie coat is b. tutiic of protection, and the com 
a medium for the tranemission of light. The choroid supports t 
Teaacla destined for the nourishment of the eye, and by its pigmentum 
nigrum absorbs all loose and scattered rays that might confuse the 
image impressed upon the retina. The iris, by means of its powers 
of espansion and contraction, regulates the quantity of light admit- 
ted through the pupil. 

1382. The transparent cornea, and the humors of the eye, hare 
for their office the refraction of the rays iu such proportions as to •! 
direct the imugo in the most faTorable manner upon the reti 

1383. Such, then, are the screral parts, and such their oseB i] 
the eyes of the higher animals, and it only now remains to point ottt ~ 
the peculiarities of structure irhich distinguish classes, or tiie indi- 
vidual members of classes in the ascending scale of being. 



LESSON XCV. 

THE EYES IN KEITILES, BISDS, AND UAUMAIJA. 

1384. The eyes of Keptilcs are more fitted to receive the r 
of light from the rare medium of the atmosphere than those of 
fishes ; their cornea is generally more convex, their aqueous and 
vitreous humors more abundant, and their lens leas spherical in form ; 
they also possess two movable eyelids, and a membrsna nictitans (a 
thin membrane, drawn rapidly across the front of the eye, by vrhicfa 
ita surface is viped, and obstructions removed ; the exercise of this 
organ is said to simulate winking). 

1385. In many of the Crocodilian reptiles, and the Tortoises and 
Turtles, the sclerotic, at lis anterior part, supports a circle of osseous 
plates, which surround the transparent cornea, as in birds (Fig. 
431). These plates around the cornea existed in the Ickthi/osaurttt, 
and arc found abundantly in the fossilized condition. 

1386. In the eye of a Tortoise (Bmys Evropaa, Pig. 432) tho 
cornea (a) is pretty convex, from the abundance of aijueoos bnmor 
(£) in tlie anterior chamber, and the margin of tlic cornea is sup- 
ported by ten osseous plates (Fig- 431), imbricated like those of 
birds, and placed in the anterior part of the sclerotic {4, d), near to 
the ciliary processes (/), and to the Sued margin of the iris («}. 
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The crystalline lens {g) has a compressed 
olliljtical form, and a. smaller axis than 
the vitreous humor (A). The retina 
lermiuatea with a thiekened edge at the 
boginning of tho oil- p^^. ,.,| 

iary processes, and a 
similar structure is 
presented in moat of 
the ChelonioD rep- 
tiles. 

1387. In the 

Snapping Turtle, the middle coat of the choroid preeenfa a magnifi- 
cent spectacle, when its vessels have been minutely injected, a figure 
of which is given (Fig, 483), copied from a preparation. 

1388. The posterior part of the choroid, it will be seen, is pierced 
for the transmission of the optic nerve (a) ; it is called the foramen 
of Soemmering. 

1389. It will be seen that the vessels at this part are very mi- 
nute, and that they gradually and steadily increase in size to the 
HUterior portion, just below the ciliary processes. At this point tbey 
iissame a very beautiful arrangement, and one that is peculiar, as 
compared with other choroids. 
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1390. The ciliary prooesseB are alao well developed in this Tnr- 
tle (Fig, 434) ; thej are, however, remarkable for tboir shortness 
and tliiaknesji, a^ compared with the game organs in other anim&U. 
The lower part of this preparation joins the upper part of 433. 

1391. In Birds tho round pupil is capable of great and rapid 
changes of dimension, aided by the romarkablo mobility of the iris. 
This highly movable and bright colored iria, with iU blnok uvea (the 
posterior coat of the iria], appears sometimes detached tram the free 
anterior margin of the choroid, and its colored enrface presents ag- 
gregations of minute globules, like those of the choroidal pigment 

1392. Birda possess a membrana nictiiant, very perfect npper 
and lower eye-lids, which are provided with tarsal cartilages and 
Meibomian glands, and even eye-lashes, in addition to the necessary 
muscles for their elevation and depression. 

1393. The eyes are large iu most of the Herbivorous mammalia, 
especially the mminantis, the rodentia, and most of the pachyder- 
mata (thick-skinned animals), and also in most of the noctumal 
species. They are very small, even in the adult state, iu the bur- 
rowing animals, as Moles, Shrews, &c. 

1394. The same circumstaneea which modify the form of the eye, 
and the proportions of its refractive parts in other classes and ani- 
mals, afiect the organ in this ; thus in the visual organ of swimming 
mammalia, there are many affinities with the eyes of fishes ; those of 
bats approach those of birds; and intermediate forma arc allied to 
the eyes of reptiles. 

1395. In Cetaceous animals, which constantly reside in water, 
and receive the rays of light through that dense refractive medium, 
the eyes have little aqueous humor, the cornea is flat, the crystalline 
lens is large, dense, and spherical, and the vitreous humor is less 
abundant than in terrestrial quadrupeds; and in order to preserve 
this fiatncss of the forepart of the eye, the sclerotio coat, like that 
of fishes, is thick, firm, and clastic, especially over the back and the 
anterior parts of the eye. The aclerotie Is an inch thick at the back 
and the anterior parts of the eye in the Whale. 

1396. The large eye of the ruminantia, and of most other her- 
bivorous quadrupeds, often presents a greater lateral than vertical di- 
rection of the transparent cornea, the pupil, and even of the entire 
eye-ball, by which the lateral range of vision is extended Ja these 
timid and watchful animals, during the inclined position of the 
head. 

1397. The nsual requirements of these animals are peouIlH 
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when the head is bowed down to tbe gronnd, and the creatures iire 
occupied m cropping the herbage, microscopic vision is required ; but 
wheo seeking the best paBturea, or keeping a watehful look-out for 
fear of Burpriaea from their natural enemies, the feline Bpeoies, tele- 
eoopto Tision is essential. For this purposo they pORsese a seventh 
muscU to the eje-ball — one more than belongs to other animals — 
thb is called the retractor mnsele, and its office is to draw the eje- 
ball back into the orbit, thereby effecting great alteration in its focal 
capabilities. The eyes of a dead Cow, or Sheep, are generally re- 
tracted deep into the orbit, by the contraction of these muscles. 
This muscle may be fitly compared to the coarse adjusting sorew of 
a microscope; the fine adjustment has yet te be explained. 

1398. While the muscles of the eye in all animals contribute, by 
their action, in altering the focal length of the eye, the last act, by 
which thorongh sbarpness of definition is acquired, ia reserved for 
the ciliary processes. It has been stated that these bodiea impinge 
upon the cryatalline lens, at its margins; in ^^^ ^^ 
addition to being highly Taacular, they ore 
also provided with erectile tissues, and when 
the capillaries are distended with blood, the 
processes become erect. Jn this condition 
their eombbed action slightly moves the lens, 
by which means the last process of perfect ad- 
justment prevails, and is made complete. 

1399. The ciliary processeg of the rumi- 
nant are without parallel in the animal king- 
dom; they consist, even in the injected state, 
of a vast number of folds (Fig. 435], and 
when straightened out by the action of the 
erectile tissue, they must exercise an unusool 
influence on the poution of the lens. 




LESSON 5CVI. 

THE EYES IN MAUUALIA. AND SIAN, CONTINUED. 

1400. In the Feline animals, the ciliary processes are beautifully 
developed, and more nearly resemble those of Han. 

1401. In the domestic Cat (Fig. 436), they consist of a number 
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of plates, of great breadth at tlieir anterior portion; the vesseU at 
the posterior portion gradually glide into the vessels (arteries) of 
tho middle layer of the choroid. 

1402. The veins (rense vorticosn) of the estemal membrane of 
the choroid, are well seen in a preparation of them from the Dog (Fig. 
437). Some of them ore of large size, and all of them (in the prepH- 
ration) distinguished by great roundness. 

1403. But it is in the visual apparatus of Man, organized for 
seemg in the erect position of the trunk, that we find the most coiii' 
plete protection of the orbits, by solid osseous parietes, and the 
most parallel direction of their axes, Shaded eiterually by the eye- 





Cllljry pro»m«, cj-u of Uio CoL Vtiin) vorlicuMj, chorulil of Dog. 

brows, which are moved by their proper muscles, and protected ) 
two highly movable eye-lids, which continue over the forepart of tbijii 
organ, the bnman eye presents only a small rudiment of the third 
eye-lid, or membrana nictttans, so highly developed in most of the 
inferior vertehrata. 

1404. The eye-balls are nearly spherical in form, with their axes 
parallel, and perforated behind by the optic nerves; they arc sujv 
ported on the back part by a large deposit of adipose substance (fct), 
and are moved by four recti (strught), and two oblique rausolea. 

1405. A longitudinal section of the human eye will be ton 
at Pig. 438. 

The function of the optic nerve is to inform the brain of all ti 
details of form, color, &c., of any object pictured upon its thin « 
pansion, the retina. 

The tubes, or fibres, as they have bflen erroneously described, 
which enter into the compoaition of ui optic nerve, decussate (di- 
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vide, intermingle) with the lobes of the other optic nerve. By this 

arraugement, an object seen by one eye has its history given, simul- 
taneoualy, to that part of the brain with wliioh the other optic nerve 
uommuniuates, directly through its agency. 

If one eye be ctosed, by the hand or & bandage, objects seen by 
the opsn eye arc not aharp and distinct, because it has lost half its 
ordinary power. 

In looking through Telescopes and Microscopes, it is moat impoi^ 
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tant to keep both eyes open, and this can easily bo done by turning 
the head aside, and thus diverting the axis of vision. Those persons 
who shut one eye never see an object distinctly, and what is worse, 
they have created pain in both eyes ; the open one has been strained 
to do impo!Eibilitiee, aud the closed eye intensely excited but not 
permitted to he active. If properly managed, the spectator will 
have a dear view of the object in tho mioroscope, and distinctly see, 
at the same time, objects on the table, and at a wide angle. 

1406. The ciliary processes may be seen in two ways, either 
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bj removing the irU from its attaclimcnt U* Uie ciliary ligament, 
vben a front view of the proceeaes will be obtaine<l, or by making k 
traosTcrso section throngh the glob« of tho eye, when they may be 
examined from behind, as in Fig. 439. 

1407. In addition to the figure (slightly enlu-ged) displaying the 
arrangement of the Ml aeriea of ciliary proeesaefl, a more highly 
magnified view of them, with their Tcssels iojeoted, b given in 
Fig. 440. 

140S. The ressels derived from the arteria ctntralit retina, I 
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distributed to tho vascular membrane of the retina, form, when ii 
jected, &n object of great interest; it is shown in Fig. 441. 

1409. In the progress of development of the human organs of 
vision, during embryo life, the oryatalline lens is found embedded 
between two highly vascular membranes ; the one is the antfrior, 
■nd the other the posterior, capsuU of the Unt. These membranes 
appear to attain their maximum (greatest) development at a certun 
given period, from which time the vessels begin to disappear by ab- 
sorption, and at the time of birth are entirely removed. 

1410. The capillaries of the anterior capsule (Fig. 442) are de- 
rived from tlie ciliary arteries, and form a beautiful series of loops 
divided into four somewhat triangular spaces, which collectively oc- 
cupy the entire membrane, save the centre. In the process of ab- 
sorption, the central portion is first removed, in each triangle, and 
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tliia process continuea until four arched Tesaels alone remain attached 
to the inner circmnferenoe of the membrane, and finally these dis- 
appear. 

1411. This membrane is sometimes (at a certain age] found at- 
tached to the crystalline leus, and sometimes it is detached ; wlien 




the latter occurs, it has been usual to call it " membrana pupillaria " 
— it is in reality the anterior cnpsnle of the leus. 

1412. The posterior capsule lies between the crystalline lens and 
the ritreous humor. To perform its function, it requires to be vas- 
cular, but from the peculiarity of its position it appears to be cut 
off from all sources of supply. 

1418. The arteria centralis retina jmsses through the vitreous 
humor, and having reached the _^^ 

posterior capsule, terminates in a 
plexus of capillarieB distributed 
to that membrane, but which are 
not nearly so numerous as those 
of the anterior capsule ; they are 
represented in Fig. 443 ; a is the 
terminal portion of the arteria 
centralis retina. 

1414. The vessels of the pos- 
terior, like those of the anterior 
capsule, are removed by absorp- 
tion when their function has ceas- 
ed, and the lens fully formed; it i'i»terioris.i»BieoftheLeni, 
sometimes, but rarely, happens that they become permanent, and 
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L form of blindness for which then ] 



when this occurs they prodnc 
IB no remedy. 

1415. Amongst other tissaee which enter into the compoaitioD 
I ttf the eye-lida, are two thin lamellse of fibtv-oartilage, called tk* 
1 iarsal eaiiUagea, which give form and support to the eye-lids, 

1416. Between these cartilages, and embedded b them, lie the 
. Meihmnian - glands, so called from Meiboraius, tbetr diseovererr 

Thoy consist of a, long duct, which opens upon the e<!gc of tUo eyfr I 
' lids, surrounded by a cluster of follicles, which conceal the tuba, e 

oept at its terminal portion. As these glands extend the whole widdl 1 
■ (rf the cartilages, they arc necessarily longer in the tipper tl 

onder eye-lid; they differ in number in the two lids, there being 

twenty-four iu the upper and thirteen in the lower lid. 

1417. These glands secrete a fatty matter, and may be regarded 
u a form of sebaceous glands. Their chief function Appears to b« 

I to keep the margins of the eye-lidasofl (greasy), and prevent adhesion. 
They can at nil times be well seen upon the inner surface of the lids, 
Bhining and gliateniog like so many rows of pearls (Vig- 444). In^ 




composition they consist of a lengthened tube, or duct, which extends 
from one end of the gland to the other. On either side a number 
of small follicles are found, so densely clustered as to entirely con- 
ceal the duct, except at its termination. The tarsal cartilagea are 
grooved for thu reception of these glands, which are retained in their 
place by a layer of cartilage, which folds over each gland, and another 
: liniilar layer, which folds over the former. By lifting up these two 
fclds, a giand can be easily lifted out of the groove in the lower 
cartilage, not being in any way attached to it. An enlarged figure 
of ft gland, so obtained, is shown in Fig. 445 ; when magnified, 
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each gland is seen to consiet of a baacment mem- 
brane {a), and an epithelinm [h) containing sclia- 
ceooH matter ; e reprcaeats the orifice of the duct. 
These glands are aubjeet to disease, especially in 
cliildreD, vhich appears to partftke of a congested 
character; the aecre^on is suspended, and the 
ducts closed up; in this form of disease the mar- 
gins of the lids become inflamed, and the loss of 
the eyc-Iasbes invariably follows. 

141R. Thus we have seen these complicated I 
optical instruments, the most iiniversal i 
distribution in the animal klugdom, and by far the I 
noblest organs cf sense, gradually advancing to I 
perfection, from the animals of lowly organization, 
in which we first found them, up to man, where all 
their internal essential parts, and their external 
accessory apparatus, are the most eiquisitely fin- 
ished, and most minutely adjusted. It is chiefly 
through their means that he is connected to the 
external world, that he is enabled to provide for ' 
his wants, to acquire the materials of thought, nni»<:a ..na mnt'nifli'^. 
to enjoy the sublime spectacle of the starry Heavens, and to gaie 
with fervent admiration upon the wonders and beauties of ever 
changing Nature, as revealed to him in tliis magnificent World I 
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